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The Eighth Annual Meeting 


of the 


Army Ordnance Association 


wl] be held at 


The Aberdeen Proving Ground, Maryland 


Friday, October 8, 1926 


We are privileged to have with us as participating guests: 
The National Association of Manufacturers 
The Reserve Officers’ Association of the United States 
The American Society for Steel Treating 
and 


The National Industrial Conference Board 


Further announcement as to the program of events, special trains, reduced railroad rates 
and meals will be published in the September-October issue of ARMY ORDNANCE. 
Members of the Army Ordnance Association and guests will receive personal invitations 


and other data in due course. 


Reserve [This Date 
October 8, 1926 # 
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Parade Ground and Officers’ Quarters, Picatinny Arsenal. 


Arsenal is mentioned this 
“Where Is 
before.’”’ 


HENEVER Picatinny 


question almost invariably follows: 


Picatinny? I’ve never heard of it 
Jersey near Dover, the 


**But | thought 


On being told that it is in New 
questioner will in all probability say 
Dover was in Delaware.’’ For their benefit and for those 
who have formed their ideas of New Jersey while look- 
a map showing the loeation of 
York City, 


Easton and West Point is shown 


ing from a car window, 


Pieatinny Arsenal with relation to New 
Philadelphia, 
with this article. 
midway between the Hudson and Delaware Rivers, and is 


Trenton, 
Dover is in the Highlands of New Jersey, 


39 miles from New York City on the main line of the Dela 

ware, Lackawanna and West 

ern Railroad. 
The Pieatinny Arsenal re 

servation is 5 miles north of 


Dover. with a hard = surtace 


road connecting it with the 
exeellent New Jersey State 
highway system. It is 710 


feet above sea level. The 
reservation 1.615 
and lies in the valley of 
Pond 


tary ol Rockaway River. The 


contais 


acres, 
Green Brook, a tribu- 
boundaries are irregular. but 
roughly the reservation — 1s 


about one mile wide at = its 


maximum width and about 
als miles lone, The eountry 
roundabout is rough and 
mountaimous, and sparsely 


inhabited. The Arsenal takes 


its name from Picatinny Peak, 
a mountain which ris’s 
abruptly from the general 


level of the valley, and at the 





Anvil and tools used at Middle Forge, erected on the NTrpOSe 
Picatinny Lake in 1749 ty Jonathan Osborne. : = ; 


1 


Jonathan Osborne built a forge, 


foot of which hes a beautiful and picturesque lake about 


a mile long. The name ** Pieatinny,”’ like many others 
in the vieinity, is of Indian origin 

It is probable that the first settlers came to this com- 
munity because of the presence of iron ore in great abund- 
ance, beeause of the forests which were readily con 
vertikle inte charcoal, and also for the water 
the forges. In 1749, 
‘*Middle Forge,’’ at the 


foot of Picatinny Lake, and it was continued in opera- 


power 


available for the operation of 


tion until a few vears before the land became Govern- 


ment property. The anvil and some of the tools used 


at this old forge may be seen on the lawn in front of 


the officers’ quarters, 
It is hearsay amongst the 
older inhabitants ot the 
countryside that some of the 
Washington’s 


Army was forged at Middle 


ordnance — for 
Forge. As for the truth of 
this I ean find no proof, but 
there is an old Ilessian ceme 
terv less than a mile away. 
It seems quite possible, there 
fore, that Washington used 
his Hessian prisoners to ope 
rate the mines and forges in 
this vicinity. 

In 1879, Congress made an 
appropriation for the pur 
chase of a site for a Powder 


Depot and for starting the 


erection of suitable buildings. 


Major F. H. Parker, Ord. 


Dept.. U.S. A., was designated 
to inspect tracts a) land 
which nogh | Ss il] for 

! He examines 
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nine sites within 100 miles of New York City. The 
present location was finally selected by the Board, and 
iis recommendation was approved by the War Depart- 
ment. The five tracts of land originally purchased con- 
sisted of 1,866.12 aeres, which were bought for $62,750.00. 
Later a strip of land 50 feet wide and 7,412 feet long 
was purehascd for use as a roadway connecting the 
Arsenal with the Dover-Sparta road. There has been no 
further purchase of land, except in 1918 when the aa- 
farm was 


jacent 
acquired to round out ex- 


Robinson 


isting boundaries. In 1891, 
315 aeres of the reserva- 
tion were transferred to 
the Navy Department for 
storage purposes. This is 
known as the Lake 
Ammuni- 


now 
Denmark Naval 
tion Depot. 

On September 6, 1880, 
the Seeretary of War 
designated the reservation 
as the ‘‘Powder Depot,’’ 
and four days later issued 
an order ealling it ‘‘ Piea- 
tinny Powder Depot.” In 
June, 1853, the name was 
changed to the ‘‘U. S. 
Powder Depot,’’ and this 
name was retained until 
1907 when the Arsenal re- 
ceived its present designa- 
tion ‘* Picatinny Arsenal.’’ 

Major Parker, the junior 
officer on the Board which 
had selected the site, was 


assigned as the first Com- 








manding Officer, and under 
his direction the necessary 
construction work was be- 
gun. The first building erected, now known as Building 
No. 20, was a magazine 200 by 50 feet with a 6-foot base- 
ment, and was built at a cost of $51,700.00. This building 
is in excellent condition at the present time after 45 years 
of service, a testimonial to the design and the quality of 
workmanship and materials which entered into it. Four 
other magazines, now known as Buildings Nos. 43, 38. 30 
and 27, were subsequently erected in that chronologieal 
order from the same plans, except that basements were 
omitted. 

The only other buildings erected during this period were 
the Stables, Building No. 5, Officer’s Quarters No. 2, and 
Office (now Quarters No. 1), in addition to the neces- 
sary service buildings. 

The first phase of the development of the Arsenal ex- 
tended to the year 1902, and the history of the Depot 
was one of gradual construction, with the ultimate idea 
of an establishment for the storage of powder. About 
this time the need was felt for the storage of a war reserve 
of sodium nitrate, of armor-piereing projectiles, and of 
high explosives, and the second phase of the develop- 
ment of Picatinny began. Six projectile sheds and some 





Maj. F. H. Parker, Ord. Dept., 
Officer, Picatinny Arsenal. 


nitrate buildings were erected. A year later a temporary 
plant was installed for filling projectiles with maximite, 
armor-piercing projectiles were 
Later explosive D was adopted 


1906 and 1907 the maximite- 


and several thousand 

filled with this explosive. 
filler, and in 
unloaded and 
with About this 
was installed for modifying the projectiles to make them 
satisfactory for use with the new explosive and to increase 

their efficiency. 


as the shell 
shell 
explosive D. 


loaded were some shell were loaded 


same time, machinery 


The third phase of the 
Arsenal’s development _ be- 
gan with the appropriation 
in 1906 of $165,000.00 for 
the erection and equipment 
of a powder faetory. The 
selection of Picatinny 
Arsenal, recommended _ to 
the Chief of Ordnanee by a 
Board of Officers, was ap- 
proved by the Seeretary of 


War. The work of pre- 
paring the plans was ori- 
ginally assigned to Major 
B. W. Dunn, Ord. Dept., 
U. S. A., who took com- 


mand of the Powder Depot. 


Shortly after he assumed 
command, however, he was 
engaged by the American 
Association to or- 


Bureau of Ex- 


Railway 
vanize the 
plosives. For the second 
time in the history of the 
Arsenal, it fell to the lot of 
the junior member of the 
selected the 


Board which 








i Arsenal for a_ particular 


U. S. A., First Commanding purpose to earry out the 


plans for its development. 


Horney, Ord. Dept., U. 5. 
1907, and during the 


Major O. C, A., assumed com- 


mand of the Arsenal on June 10, 
eight years he was in command the original capacity of 
the powder factory, which he built on the rocks and in a 
wilderness, was inereased from 3,000 pounds to 9,000 
pounds of cannon powder per 24-hour day. Also, ma- 
chinery for the manufacture of 300 pounds of ealiber .30 
powder per day was installed. A plant for the manu- 
facture of explosive D was built, and a school of in- 
struction in Chemistry, Explosives and Interior Ballisties 
was established. The investment in the powder factory and 
in the training of officers on powders and explosives was 
repaid many times during the World War when one con- 
siders the tremendous responsibilities borne by General 
officers as Cols. C. T. Harris, Jr., 
surns and F. M. Miles, and how much 


Horney, and such 
D. C. Seagrave, J. H. 
more difficult and trying such positions would have been 
without the training and experience gained at Picatinny. 
Shortly prior to the entry of the United States into the 
World War the production of smokeless powder was in- 
creased, but, with the tremendous capacities developed by 
private manufacturers, the production of the Arsenal was 
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only a small share of 


and June, 1917, it 


storage space would be required by the Ordnance Depart- 


ment for the storage of powder, explosives, and metal ecom- As far as practicable, 


storage project. 
Under a contrael 
with Stone and 
Webster fifty-four 
buildings were con 
structed for this 
purpose. Railroad 
tracks, roads, 
garage, round house, 
an addition to main 
office, power house, 
and other utilities 
for the storage pro- 
ject utilized accessi- 
ble areas to the 


limit. 


After the Armistice 


in November, 1918, 


when there _ were 


vast quantities of 
smokeless powder on 
hand, the manu- 
was stopped == and 
Picatinny entered 
into its fourth phase 
of development, a 
Field Service Depot. 


This status existed 





Commanding Officer’s Quarters, Picatinny Arsenal. 


for about a_ year, 
and then approval 
was finally obtained 
for the establish- 
ment of an experi- 
mental ammunition 
plant at Picatinny 
Arsenal. Thus the 
Arsenal entered into 
the fifth and present 
phase of its develop- 
ment. 

About the middle 
of August, 1919, 
active work was be- 
gun on the _ estab- 
lishment of a small 
expermental plant 
for the design and 
development of’ 
artillery ammuni- 
tion. This project 
involved the estab- 
lishment of shops 
for the experimental 
manufacture of 
metal components, 
renovation of the 


existing powder 


the necessary requirements. In May _ tactory, and installation of suitable experimental plants 


became apparent that considerable tor the study of raw materials, high explosives, military 


ponents, and Picatinny was selected as the site for a designed to fit existing structures anc 


pyrotechnics, and trench warfare materials 
plants and shops were 


| to utilize machinery 





Officer’s Quarters, Picatinny Arsenal. 
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was drawn from the vicinity or by the employment of men 





and equipment remaining on hand at the close of the war. 
new who had had loading experience during the World War. 


New 


electric and steam transmission lines, and new sewer, fire 


The power house was redesigned, equipped with a 
boiler plant and an electrical generating system. An organization has been built up gradually which is now 


able to carry out its mission of experimental and develop- 
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Location of Picatinny Arsenal 


and water Systems, were designed and built. It was neces 
sary to modify approximately fifty buildings, some of the 
work being done by the Arsenal forees but the greater part 
under contract. The technical personnel for the develop 
ment of metal components was obtained from Frankford 


Arsenal in 1921, while the personnel for the loading work 


ment work, and to load the various components ol artillery 


ammunition, pyrotechnics, and trencli warfare material. 


At present there are 11 officers and 4 enlisted men 


stationed at the Arsenal, and the employees number 550. 
ammunition 


Large quantities of components of artillery 


are held in war reserve, and are drawn on as required for 
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loading and assembling as di- 
rected by the Chief of Ord- 
nance. 
While the 
work 


with a view to its adaptation 


research and in 
vestigative is carried on 
to service material as oceasion 
may warrant, preparedness for 
war is not lost sight of, and 
an endeavor is beine made to 


assemble an organization which 





will form a teehnical center so 


far as ammunition is” eon 
cerned, It is conceived that 
there would be referred to 


such an organization in time 
1 } 


of war the reseurch and de 
velopment work similar to that 
time, ex 


carried On In peace 


enough to eause the rejection 
of the material. 

In case of an emergency, the 
productive capacity ol the 
Arsenal for smokeless powder 
and for the loading of artillery 


ammunition would be relatively 


small when compared to the 
tremendous plants which 
would have to be brought into 
existence to meet the war 
time demand, but in the first 
line of industrial detense, 
Picatinny Arsenal hold a 
prominent place. The material 
it produces will not only serve 
to meet urgent requirements of 


the early stages of a war, but 


the Arsenal has the experience 
necessary 


and the equipment 








cept that it would have to be 

done in the crreatest possible installed which could ne be 
haste. It is also conceived acquired readily by a com 
that there should be referred mereial coneern. It is, there 





to sueh an oreanization the Commanding Officers, Picatinny Arsenal, 1880-1926. fore, in a position to instruet 


larger questions as to whether certain materials not quite and assist industry in what is required of it In an emer- 


in accordance with the drawines or specifications should reneyv, and at the same time tram tue anmnnunition Inspec 


he accepted; in other words, the technical organization tion forces so that they will be able to perform their duties 


would determine whether the deficiencies were serious capably and with dispatch. 


Pittsburgh Ordnance Officials Witness High Explosive Shell Test 


Ordnance officials, at the invitation of Mr. the complete success of the new method of manufacturing 


PARTY of 





Ralph M. Dravo, Chief of the Pittsburgh Ordnance 
Distriet, visited Aberdeen Proving Ground, May 11, 1926, 
to witness tests of 75-mm. Mark IV high explosive shell 
made from seamless tubing. Previous to the arrival of 
the party fragmentation tests of these shells had been con 
ducted and an opportunity was afforded the visitors to 
compare the number and size of the fragments obtained 
from the seamless tube shell with the number and size ot 
fragments from standard shell. More fragments were ob 
tained from seamless tube than from tHe standard shell. 
Later in the day fitty shells were fired from the 75-mm. 
range being observed by the entire party 
The 
test were developed by the National Tube Company in ¢o 
District Office 


eun, burst and 


from dugouts down the range. shells fired in this 


operation with the Pittsburgh Ordnance 
and the Office of the Chief of 


were manufactured from steel complying with the standard 


Ordnanee. The projectiles 


specifications for shell steel, and hot rolled seamless steel 


tubing was produced from this material. The shells were 


sent to Frankford Arsenal for machining and to Pieatinny 
Arsenal for loading and assembling. From the results ob 


tained during this test the prospeet is very promising fo 


shells. 

Those who witnessed the tests, in addition to Mr. Dravo, 
Tavlor Allderdice, President, National 
Col. Harley B. Fereuson, U. S. A., Office of the 
Secretary of War; Lt. Col. G. P. MeNiff, Ord. 
National Tube Company, and Chiet, Am 
Distriet; Lt. Col. 
National Tube 
Ord 


were: Tube Com 


pany, 
Assistant 
Res., Vice-Pres., 
Division, Pittsburgh Ordnance 


Asst. to Vice-Pres., 


munition 
Won. 


Company, and Chief, Contract 


Hoge, Ord. Res., 


Division, Pittsburgh 


Maj. G. M. Sixsmith, Ord. Res., Superin 


nance Distriet; 


tendent of Transportation, Pennsylvania Railroad Com 


pany, and Cleft of Transportation Division, Pittsburgh 


Ordnanee District; Maj. Wm. B. Hardigg, Ord. Dept.. 
U. S. A. Chief of the Ammunition Division, Office of the 
Chief of Ordnance; Maj. T. J. Smith, Ord. Dept., U.S. A.., 


Service, Othee of the Chiet of Ordnance: 
Dept. | —“—." a. 


Distriet; Capt. H 


Manufacturing 
Capt. Fred A, 
Assistant, Pittsbure 
Dept., U. 5. A., 


MeMahon, Ord. Mxecutive 
h Ordnance 
Ammunition Division, Office ot 


rhe Arthu Adelman, 


ford, Ord. 
the Chet of Ordnance; 


Staff. Oftiee of the Chet of Ordnance 








Maj. F. H. Miles, Jr. 


Maj. H. H. Zornig Maj. N. F. Ramsey 
Chief of Operations 


Chief, Technical Division Commanding Officer 


Military Staff 
Picatinny Arsenal 


1926 





Maj. C. G. Young Capt. I, A. Crump 
Technical Division Technical Division 





Capt. J. P. Harris Capt. J. G. Holmes Capt. C. S. Reed 
Loading Department Explosives Department Technical Division 





Lieut. W. L. McPhersvun Capt. I. A, Luke Lieut G. W. Bott, Jr. Tech. Sgt. C. J. Vogt 
Loading Department Research Physicist Explosives Department Outside Safety Engineer 














H. S. Deck E. W. Jenkins W. J. Richards 
Plant Engineering Division Metal Components Department Service Department 


Civilian Staff 
Picatinny Arsenal 


1926 





c, J. Bain G. C. Hale 
Technical Division Chief Chemist 








H. M. Brayton R. L. Clothier R. E. Stickle Fred Olsen 
Technical Division Stores Department Chief Clerk Technical Division 





J. P. McCormick A. H. Dill Samuel Wiley E. Williams 
Loading Department Chief Inspector Technical Division Planning Division 








Among the Pioneers at Picatinny Arsenal 
Powder Factory 









BRIG. GEN. JOHN W, JOYES, 
Ord. Dept., U. S. A. 


Commanding Officer, Picatinny Arsenal, 







1915-1917. General Joyes is now Assistant 






Chief of Ordnance and Chief of Field 






Service, Ordnance Department. 


COL. ODUS C. HORNEY, 
Ord. Dept., U. S. A. 
Commanding Officer, Picatinny 
\rsenal, 1907 - 1915. Colonel 
Horney is now Commanding 











COL, WM. H. TSCHAPPAT, 
Ord. Dept., U. S. A, 
in charge Chemical Laboratory, 
Picatinny Arsenal, 1907 - 1912. 
Colonel Tschappat is now Chief 
of the Technical Staff, Office 
of the Chief of Ordnance. 


Oflicer of Frankford Arsenal, 
Philadelphia, Pa. 


COL. B. W. DUNN 


Ord. Dept., U.S.A. 
Retired. 


COL. J. C. NICHOLLS 
Ord. Dept., U.S.A 


Retired. 
Commanding Commanding 
Officer, Officer, 


Picatinny Arsenal 
1907. Colonel Dunn 
is now Chief of the 
Bureau of Explos- 
ives, American 


Picatinny Arsenal, 
1917 - 1918. 
Colonel Nicholls is 
now Commandant, 
Military Depart- 


ment, Cornell Railway \ssocia- 
University, tion, New York 
’ , N. ¥ 


Ithaca, N. Y. 
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The Powder Factory, Picatinny Arsenal. 


The Picatinny Arsenal 


Powder 


Factory 


Maj. F. H. Miles, Jr., 


ANY people including some active Ordnance otffi- 
M cers still think of powder when Pieatinny 
Arsenal is mentioned. This is natural since the 
first and only Army powder factory was established there 
in 1907, and has been operated more or less continuously 
since that time. Now, however, the powder factory is but 
a small part of the general ammunition activities which 
are earried out at the Arsenal, and it is possible that 
the importance of the factory as an Ordnance activity is 
not appreciated. There is no doubt that the factory has 
been the ageney through which the Army has gained the 
larger part of the teehnical powder information which 
it now has. In faet, what the Army knows about tech- 
nical explosives is directly attributable to the establish- 
ment of the powder factory and its control laboratory. 
The value of a technical laboratory is well emphasized 
by the experiences of the dean of Army explosives men, 
Col. Beverly W. Dunn, Ord. Dept., U. S. A., retired, who 
in the early days was charged with the development ot 
a suitable high explosive for armor-piercing projectiles. 
He argued that if he had a laboratory where he could 
make a few simple physical and chemical tests on the 
many known explosive compounds, he could probably nar- 
row the field of available explosives without resort to ex- 


pensive gun tests. After many arguments and much dis- 


Y 
> 


Ord. Dept. U. 


heartening work, he finally prevailed upon those in auth- 
ority to build him such a laboratory at Sandy Hook 
Proving Ground. In a few months, he had eliminated, 
inexpensively, most of the suggested explosives, and pro 
posed for exhaustive test the explosive which has been 
the standard armor-piereing projectile explosive ever 
since. It is a fitting tribute to his sagacity that this ex- 
plosive should have been named “Explosive D” in his 
honor. 

It was Colonel Dunn who was detailed to build the 
powder factory at Picatinny. The plans were made by 
him and the factory construction was started under his 
command. Before it was completed, he was retired but 
not without leaving on the work the impress of his splen- 
did mind. 

He was succeeded by Gen. Odus C. Horney, Ord. Dept., 
U.S. A., then Major Horney, who carried the faetory to 
completion, and made a reality of powder making for the 
Army. The original appropriation for the powder fae- 
tory was something over seventy-seven thousand dollars 
($77,000.00), and that such a feat could have been per- 
formed for so little money was indeed a tribute to these 
two founders of the work. 

Another fortunate feature of the early work was the 
role given the chemical laboratory, which was started not 
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The Beater House, Picatinny Arsenal Powder Factory. 


only with the idea that it should do plant control work, 


but that it should also provide facilities for research and 


development work. To Col. W. H. Tsehappat, Ord. Dept., 


U.S. A., then Major Tschappat, fell the burden of starting 
this important work. Most of us have heard of Tschappat’s 
Ballistics but few of us know that this work was started at 
Picatinny. There is abundant evidence at Pieatinny that 
Colonel Tschappat’s time was well spent. 

From time to time, improvements in the factory were 
made, the laboratory was housed in an up-to-date build- 
ing, and by 1916, the art of powder making was well 
established in its essentials. 

The powder factory was established for the manufaec- 


ture of powders with the nitro-cotton base, and an in- 


ae 


ae 





The Poaching House, Picatinny Arsenal Powder Factory. 


teresting feature of the manufacture of nitro-cotton at 
Pieatinny was the nitration, known as the Thompson dis- 
placement pYrocess. In this process, as in all others, the 
dry cotton was immersed in a nitrator in a mixture of 
nitrie and sulphurie acids. The unique feature of this 
method was the means of separating the cotton from the 
acid after nitration. This was performed by running cold 
water on top of the contents of the nitrator and drawing 
off the acid from the bottom of the nitrator at the same 
rate as that at which the water was added. In this way 
the acid was displaced by the water, hence the name, dis- 
placement process. While this method of nitration was 
economical in the use of acid, there were certain draw- 
backs to it which caused it to be replaced by the more 
productive DuPont method 
of nitration in which the 
acid is separated in centri- 
fugal wringers. 

Another feature of the pre- 
Armistice faetory was the 
cannon blender proposed and 
designed by Col. J. C. Nieh- 
olls, Ord. Dept., U.S. A., who 
commanded the Arsenal dur- 
ing the greater part of the 
World War. A blender takes 
the dried powder from the 
dry houses where it has been 
placed as grained with no at- 
tempt at mixing various 
days’ runs, and thoroughly 
mixes or blends the powder. 
Prior to Colonel Nicholls’ de- 
sign, the blender was a high 
tower in which the blending 


was accomplished by hoisting 
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The Smokeless Powder Blender, Picatinny Arsenal. 


the powder to the top of the blender and dropping it 
through a succession of inverted pyramidal bins to the 
ground floor and then repeating the operation until a 
proper blend was attained. The operation of these blend- 
ers required that a crew of men be stationed on the top 
floor of the blender while the upper bin was_ being 
charged. Quite a number of blenders have burned, some- 
times with a considerable loss of life. Colonel Nicholls’ 
blender consisted of two towers with one inverted pyra- 


midal bin each. Belt conveyors were arranged so that 


the bin of one tower was charged from the ground floor 


of the other by means of belt conveyors. In this way no 
workmen are required on the top floor of the blender tow- 


ers and the blender is much safer to operate. 


ov 


Prior to the war all Sizes of powder from ealiber 
to 16-inch were made in the 
Army powder faetory and 
the production varied from 
5,000 to 7,000 pounds a work- 
ing day. It is interesting to 
note at this point that since 
the war except for the time 
when the factory was being 
rebuilt an average of less 
than 750 pounds a working 
day has been produced. At 
the present time the amount 
of powder made is so small 
that reasonable costs cannot 
be reached. Of course, since 
the war, with every emphasis 
on economy and rather large 
stocks of powder left over 
from the war, a reasonable 
production has not been pos- 
sible. However, with the war 


powders fast coming to the 
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Hoisting Belt in 


end of their stability life, and with the Congress recog- 
nizing the wisdom of maintaining these reserve stocks, it 
is to be hoped that the factory may again be placed on 
a production basis. To make sure that the Ordnance De- 
partment is at all times familiar with the technique of 
powder manufacture and that reasonable costs are main- 
tained, the Army powder factory should make a sufficient 
amount of each kind ot powder needed. 

It is as true today as it ever was that what we can 
afford to do in our research and investigational work 
largely depends upon the stabilizing effect of and the 
overhead which is permitted by the operation of the pow- 
der faetory on a production seale. 

During the war, the explosives program was always well 


ahead of the other components of ammunition. So far 





Smokeless Rowder Blender, Picatinny Arsenal. 
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as production was concerned, the country owes much to 
the efficiency of the DuPont, Hereules, Aetna and Atlas 
Powder Companies. But even in production matters the 
effect of Picatinny was felt, for while its own proedue- 
tion was insignificant, personnel trained at Picatinny 
made an excellent showing elsewhere. However, perhaps 
the greatest return to the country from the personnel 
trained at Picatinny was from the commissioned ofticers 
ot the Ordnance Department upon whom fell the burden 
of preparing for the tremendous production which was 
to follow. Had the initial administration of the explo- 
sives supply been in untrained hands, no end of confusion 
probably would have existed. If no other return on the 
investment made at Picatinny had ever come from it, the 
procurement of explosives in proper quantity and quality 
during the World War at less tha pre-war costs would 
have justified hundreds of times over the total expendi- 
ture made at Picatinny Arsenal prior to the war. If at 
any time the value of Picatinny in the preparedness 
scheme is being considered, its value as a training center 
must not be overlooked. 

Some of us ean still remember the sensation of achieve- 
ment which accompanied the substitution of smokeless 
powder for the time honored black powder. More of an 
achievement however was the discovery that the rate of 
combustion and consequently the evolution of the gas 
of the powder could be controlled in such a way as to 
maintain a propulsive effort behind the projectile with- 
out exceeding the strength of the gun. This prineiple 
had been applied to black powder and to its brother, 
brown powder, before the introduction of smokeless pow- 
der. Black and brown powders gave off copious amounts 
of smoke; so much so that the introduction of smokeless 
powders in the last decade of the nineteenth century was 
hailed as a momentous advance in powder design. Giving 
off almost no smoke, and permitting control of the rate 
of combustion to a degree unheard of with blaek and 
brown powders, the new powder was indeed an advance. 
However, smokeless powders, usually with a base of nitro- 
cotton or one of nitro-cotton and nitro-glyeerin, give off 
a vivid flash upon discharge in a. gun, and for certain 
uses prove quite as objectionable from this standpoint as 
the older powders had from the smoke nuisance. Both 
smoke and flash greatly inerease the visibility of the gun 
position. 

The entire World War was fought with smokeless but 
not flashless powder. However, experience in the war 
made the development of flashless powders appear very 
desirable. Also, except for fixed ammunition where non- 
hygroseopicity is not of such great importance, the ten- 
deney of the service powder to absorb moisture was rec- 
ognized as a definite fault. Some work had been done 
on flashless powders for cannon before the war but by far 
the greater part of research and development work on 
powder prior to the war had been in the direction of 
improving the quality and reducing the cost of the ser- 
vice nitrocellulose smokeless powder. For small arms, the 
DuPont Company brought out their Improved Military 
Rifle powder before the war, and variations of it are now 
proving satisfactory in the caliber .30 and .50 weapons. 
None of this improved small arms powder has been manu- 
factured at Pieatinny Arsenal however. 


With the exception of the infantry armament, there- 
fore, there had been little progress prior to 1919 in the 
direction of substituting for the service nitrocellulose 
powder, powders which would overcome flash and hygro- 
seopicity. Such a program was launched in 1919, and 
F. N. H. (flashless, non-hygrosecopic) smokeless powders 
were demanded. 

In furtherance of the campaign for better powders, the 
chemical laboratory at Picatinny is solving the intimate 
problems of powder manufacture in a truly scientific 
spirit which promises much for the art. Cotton purifiea- 
tion and struetural colloids as attacked by the Jaboratory 
are indieating lines of improvement that cannot be de- 
nied their place. Powder drying is being studied in the 
light of recent scientifie progress, by the Arsenal engi- 
neering staff and many other scientific appleations to the 
art are being investigated in a thorough-going manner. 
The laboratory may truly he said to be beeoming more 
and more indispensable. 

The quest for better powders has been entered into 
most industriously by the DuPont Company and by Piea- 
‘tinny Arsenal. Not mueh was known at the outset as to 
now flashlessness was to be obtained. There were theories 
about reducing the temperature of the gases so that upon 
discharge from the gun the gases would be so cool that 
they would not burn when coming into contact with the 
oxygen of the air, but the conditions that had to be met 
to secure the result were unknown. Working along quite 
different lines both organizations have produced results, 
and it is believed that the fundamental conditions which 
lead to flashlessness are no longer guess work. Non- 
hygroscopicity has not been a very difficult problem. The 
early flashless powders showed an increase in smoke over 
the powders they were to replace, but the latest powders 
are quite satisfactory from this standpoint. Another side- 
light which may be interesting is the apparent relation 
between flashlessness and noiselessness. As the powders 
become more flashless, they become more noiseless, and it 
is perhaps possible that we shall ultimately have noise- 
less, flashless, smokeless powders. Picture the uneanny, 
unorthodox state that warfare will be in when the guns, 
besides being properly camouflaged, do not flash and 
smoke, and are noiseless. And who shall say how many 
years of development and periods of impetus coincident 
with war shall pass before such a product is obtained, 

Just how flashiess, smokeless, and noiseless are these 
powders now,—may be asked. The flash is a dull red glow 
visible under the best of conditions for only three or four 
hundred yards, and entirely invisible with a muzzle below 
the military crest of a hill. The smoke is that given off 
by the black powder igniting charge and when a smoke- 
less igniter is produced practical smokelessness will be 
had. The noise has been reduced to such an extent that 
the sound ranging equipment developed during the war 
is quite ineffective at least for the smaller guns and 
howitzers, 

The future of the powder factory at Picatinny will de 
mand no end of constructive effort, and it is hoped that 
the progressive spirit which now animates those in the 
work may not cease, and that Picatinny will continue as 
in the past to bring to mind powder as one of its achieve- 
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ments in the problem of ‘‘ preparedness against war.’ 
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Main Laboratory for Chemical Research, Picatinny Arsenal. 


Research Activities at Picatinny Arsenal 
Dr. G. C. Hale 


RT in industry is rapidly giving way to science. For 
many years the fields of pure science were explored 
only by those whose temperament led them into the 

research laboratories of universities or whose inventive 
turn of mind urged them, supplementary to other inter- 
ests, te a scientific study of some special phase of nature's 
varied phenomena. From such sources the fundamentals 
of each science have been gradually evolved and as they 
have become more and more a matter of common knowl- 
edge have been applied more or less haltingly to prae- 
tical purposes. The great industrial and commercial activ- 
ity of recent years was made possible only by the labori- 
ous but inspiring efforts of such pioneers in science as 
Faraday, Avogadro, Helmholtz, Kekule and Pasteur who 
sought to establish the principles and laws underlying the 
once commonly accepted mysteries of nature, 

Industry as a whole has been little concerned in the 
past with the researches of such men as those just men- 
tioned, for it failed to realize the extent to whieh its status 
was dependent upon the fundamental conceptions of sei- 
ence as established by their work. Many industrial pro- 
cesses were thus earried out profitably by rule of thumb 
methods, the guiding foree having little or no aequaint- 
ance with the basie principles involved. But as scientific 
research gradually brought forth more and more data 
which were directly applicable to many commercial pro- 
cesses, the more enterprising in the industrial field sought 
to make use of such data in extending their acivities; re- 


search laboratories of a more or less pretentious nature 
began to appear as a part of the industrial layout and 
soon became a beacon in the storms that so often arose 
from inefficient processes and defective products. Germany 
as a country was, without doubt, the first to correlate ex- 
tensively seientifie research with industrial problems, and 
at the outbreak of the World War was far in advance of 
any other country in the extent to which her industries 
were guided by the established principles of science. This 
enabled her to effeet an orderly transition from peace time 
activities to those made suddenly necessary by military 
demands. Many of the other countries engaged in the 
conflict soon realized their weakness in this respect; they 
hurriedly assembled their technically trained men, organ- 
ized research and development stations and began with 
feverish haste to colleet the fundamental information neces- 
sary to enable the industries to meet the new demands 
upon them. 

This quickening of researeh for the purpose of immedi- 
ate appheation during the war has had a profound in- 
fluence on the relations between science and industry sinee 
the war. Books are being written, lecturers are earnestly 
pleading, and events are unfolding, all to the effeet that 
the future salvation of industry is in research. Industry 
is being rapidly revolutionized by the researches of the 
chemist, the physicist and others of similar habits of 
thought, many of the older practices either being rendered 


obsolete or allowed to exist by such a narrow margin that 
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they are resting uneasily in their present position. This 
uneasiness which is being felt by the competitive units of 
each industry, is also taking hold of those who are con- 
Thus the Brit- 
main- 


cerned with the trade balances of nations. 


ish Parliament has declared that if Britain is to 


tain her place in international trade, “The philosopher 


must bring his talents into the market place.” This sug- 
gestion was the theme of a recent address before the Man- 
chester Literary and Philosophysiceal Society, by Dr. Levin- 
stein who pointed out that secientifie men of the highest 
ability must be represented on the boards of directors 
British industries if the 


proper correlation between science and industry is to be 


which guide the expansion of 


obtained. 

Our own men of science and industrial affairs are uni- 
formly eontending with Dr. A. D. Little that the “Hand- 
writing on the Wall” as interpreted for the modern Bel- 
shazzars of industry dictates the necessity for research if 
the seeurity of dividends is to be assured. 

Granting that scientific research is to be relied upon more 
and more in the future to direct the expansion of old in- 
dustries and to create new processes and products of which 
we know nothing at present, it is obvious that such activity 
will have a great influence on the manner in which future 
wars, if such there be, will be waged. It is a fact, the 
import of which cannot be minimized by refusing to admit 
it, that science has been used for grievous purposes as well 
as for improving the well being of mankind, and the more 
science is employed in peace-time activities to create agents 
conducive to the advancement of civilization, the more it 
must be reckoned with as a potential source of destruction 
in time of war. Seience can transform, in a short time, 
factories which are engaged in the manufacture of drugs, 
dyes and ether harmless materials into those which will 
produce explosives, poisonous gases, liquid fire and other 
agents which are important elements of modern warfare. 

The last war was, more than any that preceded it, 2 war 
of chemieals, and it has been said that the chemical effort 
was second in importance oniy to the personal services of 
the men in the field. Thus it that in 
addition to training men in the strategy of war and sup- 


has come about 
plying them with ships and guns, it is necessary to con- 
sider seience and industry in all their ramifieations as 
essential parts of the weapon of defense. 

In the Aeneid, Virgil declared he sang of arms and a 
man, but it is necessary now in singing of war to add an 
additional verse to his song—one which refers to the part 
plaved by science. 

Immediately upon the entry of the United States into 
the World War, the necessity arose for extensive research 
in the chemistry of explosives. An organization was built 
up hurriedly at Picatinny Arsenal and a large foree of 
chemists began work on a multitude of problems contingent 
to the supply of raw materials, propellant powders, high 
am- 
The 


lack of basie scientific data on the chemical processes in- 


explosives, ete., which were necessary in furnishing 


munition in accordance with the general war program. 


volved, and on the physieal and chemical characteristies 
required of explosives for the various types of weapons, 
was keenly felt by those charged with the responsibility 


of organizing the chemical industry to meet the pressing 


needs of the time. It is only fair to say that the rapid 
progress made would have been impossible had it not been 
for the assistance afforded by the technical experts of the 
French and British This situation, which 
arose suddenly and, after many months of serious concern, 


governments. 


ended in the same manner, existed sufficiently long to set 
up a significant warning for the future. 

In attempting to give calm but logical heed to this warn- 
ing the Ordnance Department of the Army has gradually 
transformed the feverish research and development activi- 
ties of the war period into a more substantial effort, an 
effort which it is expected will not only establish the best 
types of ammunition but also make possible their produe- 
tion, on fairly short notice, by the industries involved. 

In the field of high explosives many problems requiring 
extensive research have compelled attention. These may 
he divided broadly into two classes, viz., those having for 
their purpose the eventual establishment of standard high 
explosives which will be the most efficient possible for the 
various uses to which they are applied; and those seeking 
immediate explanations for certain unsatisfaetory eondi- 
tions which exist in the present reserve supply of high ex- 
plosive components. Problems of the first elass arise par- 
tially from knowledge gained in the study of those in the 
second. 

Many explosives used during the war were designed espe- 
cially and more or less hurriedly for particular components 
such as grenades, bombs, trench mortar shell, ete., in order 
to permit the entire supply of the standard TNT to be 
used for artillery shell where the requirements are of neees- 
sity more rigid. These special explosives were soon found 
to have various objectionable features; some contained 
hygroscopic ingredients which absorbed moisture readily 
from the air, thus rendering the explosive insensitive to 
detonation, causing extreme corrosion of the metal eom- 
ponents, and in a few cases developing dangerous deecom- 
position of the explosive charges after they had under- 
gone storage for a considerable time in warm climates. 
Even TNT, the prime military high explosive, 
loaded with it or 


yas not 
entirely free from faults. Some shell 
with mixtures of it and other materials developed gas 
pressure upon storage while many others beeame eontami- 
nated with an oil which formed within the eharges and eol- 
leeted in the booster cavities or even exuded from the nose 
of the shell, smearing the outer wall and thus rendering 
the ammunition unfit for use. 

The chemical reactions responsible for sueh effeets had 
to be determined in order to provide a satisfaetory remedy. 
The influence of impurities present in the explosives, even 
those in minute amounts, has been studied and many of 
the difficulties solved by interpretation of the results ob- 
tained; some of these problems are still reeeiving atten- 
tion in order to obtain a complete understanding of all 
factors involved. This work has led to investigations of 
manufacturing processes, special methods of purifieation, 
ete., with a view to establishing standard procedure which 
will enable the accepted explosives to be prepared free 
from all objectionable impurities. As a result of such 
studies the former specifications are being earefully re- 
vised to insure that explosives of wholly satisfaetory qual- 


ity will be obtained and yet avoid such rigid requirements 
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as would hamper large seale production; the proper bal- 
ancing of these opposing factors requires extensive research 
and practical tests. 

Since there is evidence that some of the present standard 


explosives, even when in a high state of purity, are scarcely 


capable of functioning ideally under the conditions of their 


use, it has been considered necessary to investigate new 
compounds and compositions with a view to effecting im- 
provements beyond those possible by 
This 


the synthesis and study of the explosive properties of nu- 


certain faults in existing types. work has involved 
investi 


Valua- 


merous compounds, some of which had not been 


gated previously in this country so far as known. 


merely correcting 


In the development of improved propellent powders 
which are being designed to overcome the various objee- 
tions to the standard nitrocellulose powder such as varia- 
ble stability, extreme volatility and hygroscopicity, ten- 
deney to flash at the muzzle of the gun, ete., it is neces- 
sary to carry on considerable research to obtain the fun- 
damental data required by those concerned with the de- 
sign of such powders. Attempts to eliminate the volatile 
ether-aleohol solvent from finished powders has led to a 
study of the properties of many known solvents which 
might be substituted; these have been classified from the 
standpoint of their general suitability for the purpose and 


applied on a laboratory seale as colloiding agents for nitro- 





Analytical Work Room, Research 


ble results have been obtained from these studies in that 
a few new explosives having properties which make them 
superior for certain specific purposes, can be prepared 
from entirely different raw materials than are required to 
produce the present standard explosives. It is recognized 
as imperative that all explosives which appear suitable for 
military use and which can be manufactured from readily 
available materials be studied, classified from the stand- 
point of their possible use for specifie purposes, and pro- 
cesses developed for the manufacture of thase shown by 
experiment to be capable of fulfilling ammunition require- 
ments. If an emergeney should arise and a shortage of 
raw materials for the manufacture of standard explosives 
would thus be 


as it usually does—it pos- 


should result 
sible to make use immediately of substitutes the properties 
and the methods of manufacture of which are definitely 
known. 


was Germany’s foresight in this particular direction which 


It is perhaps not an exaggeration to say that it 


enabled her to maintain an unbroken flow of ammunition 


to the front in spite of the fact that her early ealeula- 
tions as to the length of the war and the amount of ex 


plosives that would be required were so greatly in error. 


Laboratory, Picatinny Arsenal. 


cellulose. In this work numerous factors must be con- 
sidered in addition to the general efficiency of the solvents 
in effecting gelatinization of the nitrocellulose. It is of 
importance that the colloiding agent be readily available, 
that it have no adverse effect on the stability of the nitro- 


that it be atmos- 


cellulose, and non-volatile at elevated 


pherie temperatures and non-hygroseopic; it must also 
burn with sufficient speed that when mixed with nitro- 
cellulose in the form of finished powder the latter can be 
adjusted to meet the ballistic requirements. In attempting 
to obtain and apply such information to the preparation 
of small lots of propellent powders certain irregularities 
in the action of the powders led to the view that the 
internal structure of the powder grains, i. e., the homo- 
geneity of the colloid or gel had a connection with the 
uniformity of action of the powders. Accordingly, a study 
is being made to extend the information on this point. 
Cellulose nitrate, after mixing with ether-aleohol or other 
solvent and passing through the pressing and blocking 
This gel 


flour 


processes, is a colloidal mass of the gel type. 


similarly to other common vels such as velatine, 


dough, soap, et¢., consists ot two phases, the dispe rsed 
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phase and the dispersion medium, cellulose nitrate being 
the dispersed phase and the solvent the dispersion medium. 
Any gel may have the dispersed phase more or less uni- 
formly distributed through the gel mass, the degree of 
homogeneity depending upon the manner in which the gel 
has been prepared, i. e., proportion of solvent, temperature 
employed, time of solvent action, ete. This implies that the 
gel structure is relatively unstable since the orientation 
of the molecular units is conditioned by many factors; 
there exists the eapacity for rearrangement of the mole- 
eular units so that shrinkage may occur or segregation of 
the dispersed phase into clots or filaments, thus giving 
extreme inhomogeneity to the mass. Considering the fact 
that the cellulose nitrate gel prepared for extrusion in the 
form of powder grains contains 40 per cent or more of the 
solvent and this is reduced in the solvent recovery and 
drying processes to amounts varying from two to seven 
per cent, depending on the size of the powder grains, it 
is to be expected that considerable changes oceur in the 
structure of the gel during this treatment. These change- 
are evidenced by warping of the grains, uneven contraction 
or shrinkage from one end of the grain to the other, ete. 
Attention is being given in the research work at the Arsenal 
to the internal structure of the powder grains as produced 
with various solvents and under various conditions, since 
it is considered that the eondition of the grain with re- 
spect to fissures, clots or thread-like aggregates of segre- 
gated cellulose nitrate, presence of improperly dispersed 
nitrate, ete., will have a direct connection not only with 
the ballistie uniformity of the powder but with the chemi- 
eal stability as well. A special microtome and high pow- 
ered microscope are being used for the sectioning of grains 
and examining them at high magnification in order to assist 
in determining the relative efficiency of the various solvents 
under consideration. 

While there have been extensive researches condueted on 
the purification of raw cotton and the nitration of it for 
use in smokeless powder manufacture, the present pro- 
cedure followed from the time the eotton is picked until 
it is transformed into finished powder is based on the 
results of the earlier researches in this field. The war 
foeused the attention of chemists, in all countries of the 
world, on cellulose and nitrocellulose and in the past few 
years knowledge of the chemistry of these complex sub- 
stances has been greatly extended. Much of this is being 
made available in the chemical literature and portions of 
it with proper application may lead to marked improve- 
ments in the method now used for manufacturing smoke- 
less powder. Special processes for purifying and further 
treating cotton prior to its nitration are being studied at 
the Arsenal laboratory and the effects of these on the ease 
with which the nitrocellulose is gelatinized and later freed 
from the solvent are receiving attention. Different lots of 
cellulose nitrate are known to give colloidal solutions of 
widely different viscosities when the solutions are prepared 
from the same solvent under the same conditions. This 
indicates that the present production method of mixing 
the nitrate with the same proportion of solvent in all eases 
will not yield a uniform mass from the mixers from day 
to day; considering the fact that the subsequent blocking 


and pressing operations are also standardized it is obvious 


that if they are carried out on a mass which varies in its 
degree of gelatinization the resulting powder will come 
from the graining presses varying in strueture from lot 
to lot or even within a lot. Whether this variation is suf- 
ficient in practice to affect the ballistie uniformity of the 
powder may be questioned, but it is reasonable to expect 
that it is an appreciable factor; there is fairly direct evi- 
dence that it does affect other important properties of the 
powder. Experimental work with a view to improve- 
ments in this direction is being conducted and there is 
promise that it will result in economies of solvent necessary 
in the manufacturing process and also in giving propellent 
powder which will maintain its normal stability over longer 
periods of time. 

Another line of investigation which has been followed 
at the Arsenal since the War relates to special delay pow- 
ders for use in fuzes. Artillery shell and bomb fuzes, 
whether of the long delay or short delay type, usually 
obtain the desired time interval before functioning by 
burning a column or train of black powder. Since the 
length of the powder train is often limited by the design 
of the fuze the preblem arises of producing a powder 
which will burn at such a rate that a prescribed length of 
train will give the time interval desired. With short delay 
fuzes where the time element is only a fraetion of a see- 
ond it is necessary that the powder burn with extreme 
uniformity if the action sought from the fuze is to be 
obtained. It has been found that for certain fuzes, black 
powder as commonly manufactured is not sufficiently uni- 
form in composition or granulation that the small pellets 
used to make up the delay element will burn within the 
tolerances prescribed. In this connection, the precise ef- 
fect of numerous deterrents on the rate of burning of 
black powder and the effect of variations in the propor- 
tion of the ingredients of the composition have been de- 
termined, thus enabling powder compositions to be choser 
quite accurately with respect to their rate of burning, for 
any specific purpose. The difficult problem of securing 
such uniformity in composition that separate minute por- 
tions taken from a lot of powder would give pellets burn- 
ing with the same rate within narrow limits was not eom- 
pletely solved until numerous refinements were made in 
the usual manufacturing process; some of these refine- 
ments which refer to more careful control of the condition 
of the raw materials, and to the pressing and graining 
operations are considered marked improvements over pres- 
ent commercial practice. 

In attempting to employ a certain fuze of old design 
under conditions imposed by modern warfare it was found 
that the delay train of black powder was wholly inade- 
quate; the inherent objection to the powder could not be 
overcome by introducing carefully considered variations 
either in the composition or the method of manufacture. 
To meet this situation a special powder made up of raw 
materials not previously used in the explosive industry is 
being developed. Certain special features of this powder 
offer promise of a substantial improvement in such delay 
powders as are required to funetion under the most ad- 
verse conditions. 

Another interesting phase of the researeh work in prog- 


ress at the Arsenal comprises a study of the fundamentals 
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underlying the application ot pyrotechnics for signal and 


illuminating purposes in modern warfare. 


to apply known py rotechnie compositions for signal and 


illumination purposes on the battlefront, certain demands 


arose as to the purity of color and intensity of the light 
produced, the range of visibility of the signals, ete., in 
order that uniformly efficient action could be obtained. 
Although considerable research work was done along this 
line by the Ordnanee Department during the War, time 
was not afforded to cover more than the most urgent prob- 
lems of the moment. A separate laboratory is now main- 
tained at the Arsenal, equipped with standard instruments 


for measuring the various factors which determine the 


= -% . 


bobo 





In attempting 





dustries which are of vital coneern to the Ordnance De 
partment in time of war, it is necessary that a research 
organization function to a certain extent as an_ intelli- 
gence department. Numerous patents bearing directly on 
problems under investigation appear from time to time, 
and many articles are published in the current scientific 
journals, which contain information of the highest prae 
tical value. Various journals, both domestic and foreign, 
dealing with chemistry, physics and engineering are re- 
ceived at the Arsenal, carefully reviewed and placed in 
the laboratory library for reference. A patent file which 
includes all U. S. patents pertaining to the explosives and 


pyrotechnie industries is also maintained. 


A Corner of the Photomicrographic Room, Research Laboratory, Picatinny Arsenal. 


luminous effeets produced by pyrotechnic compositions. 
A full unnderstanding of the physico-chemical characteris- 
ties of all pertinent compositions handed down by the art 
is being obtained with a view to effecting lnprovements 
where deficiencies exist. New compounds and compositions 
capable of producing light of limited wave length are being 
investigated and efforts made to determine the range of 
visibility of signal lights under the wide variety of atmos- 
pherie conditions met with in the field. The stability and 
other properties which indieate the hazard involved in 
manufacturing and handling pyrotechnie compositions is 
also being studied since there is an utter lack of definite 
information along this line. 

When sufficient fundamental data have been obtained it 
is hoped that specifications can be drawn for any given 
pyrotechnic device, which will insure the maximum uni- 
formity of action in service and which will make possible 
the rating of all signal deviees with respect to the range 
at which they are effective under conditions of both day 
and night use. ) 


In order to keep abreast with developments in those in 


viously pointed the way. 





The necessity for such work as is briefly and only par- 
tially diseussed above is apparent with very little refleetion. 
The activities of the Ordnance Department are of a special- 
ized nature. They are such as to require enormous ex- 
pansion within a very short time in case of emergency. 
During peace time the industries give little attention to 
ammunition problems since there are few contracts and 
practically no ineentive for econdueting research toward 
improving explosives or other essential elements of am- 
munition as required for military purposes. In time of 
an emergency they look to the Ordnanee Department for 
advice as to the needs of the moment and generally for 
help in establishing the proper procedure for supplying 
these needs. The practice both in the industry and in the 
using services of the Army expects the Ordnance Depart- 
ment to know definitely what is wanted and to be pre- 
pared to aet as seientifie expert, counselor, and business 
agent in the procurement of all Ordnance matériel. The 
industries and the forees in the field cannot render their 


maximum service to the country unless science has pre 
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Organization and Administration of Develop- 
ment Work at Picatinny Arsenal 


Maj. H. H. Zornig, Ord. Dept. U. S. A. 


ODERN ammunition has reached such a stage ot 
M complexity that no one individual ean be expected 

to be expert in all the branches of science, engi- 
neering, and manufacturing technology which are involved 
in the design and production of a complete round. As a 
natural consequence of this condition, we find today that 
the individuals interested in the development and produe- 
tion of ammunition have a more or less general knowledge 
of the whole subject, but have expert knowledge and skill 
in only one or two branches of it. Such individuals, work- 
ing by themselves, may make provements in those com 
ponents of which they have special knowledge, but im 
provements in individual components seldom affect the 
maximum betterment of the complete round unless one o1 
more of the other parts are designed in. such a way as to 
take advantage of these hniprovements, Since the better 
ment of the comiplete round is the sole object of all de 
velopment work in ammunition, it becomes evident that it 
can best be secured through the carefully coordinated work 
of a number of individuals whose combined expert know! 
edge covers the whole subject of ammunition. This at onee 
points to a development organization of suitably qualified 
experts with the necessary coordinating control and ad 
ministrative procedure, This condition is thoroughly real 
ized by the Ordnance Department and since the World 
War it has been developing such an organization at Pica 
tinny Arsenal. 

Experience at Pieatinny Arsenal has led to the division 
of its development activities into three phases. These have 
been designated, more or less appropriately, the engineer 
ing, research, and production phases. While they are dis 
tinct, a sharp dividing line cannot be drawn between them 
and they do in places overlap to some extent. 

In the engineering phase the prineipal activities inelud 
ed are: 

The continuous study of the requirements of the 
using services and their experience with types of am 
munition with which they are supplied. 

The continuous study of progress in science, engi 
neering, and manufacturing technique, and the appli 
cation of pertinent developments to the improvement 
of ammunition. 

The design of new and improved materials, compon- 
ents, and complete rounds, including the preparation 
of drawings and specifications, and the technical diree 
tion of their manufacture and test during the develop- 
ment stages. 

The formation of plans for the research and de 
velopment work in manufacturing technique which 
should be done to make possible further improvements 


in ammunition. 


The coordination of the activities included in the 
research and production phases. 

Transmitting to the storing, maintaining, and using 
services the knowledge of those teehnieal features of 
ammunition whieh they should have to enable them 
to take full advantage of its possibilities. 


The research phase takes in those activities concerned 


The research work on those problems In pure science 
which are likely to be of interest in ammunition de 
velopment. 

The research work which has for its objective the 
solution of a definite problem which has been encoun 
tered, such as the production of a new explosive of 
viven characteristics or the determination of data 
needed to work out the design of a new component, 

The laboratory work which is necessary in devising 
and developing a manufacturing process, particularly 
that work which is necessary before a semi-plant seale 
unit «an be built. 

The production phase embraces those activities involy 
ne: 

The manufacture of materials, mechanisms, com 
ponents or complete rounds for experimentation or 
test. 

The development of manufacturing processes, equip 
ment, and technique. 

The critical study of new designs of ammunition 
components with a view to their modification, where 
possible, to facilitate production, 

The development of means for the instruction of 
inexperienced commercial manufacturers in the 

methods which have been developed for the manu 

facture of any ammunition or components they may 
he undertaking te produce. 

Kach of these phases of the work requires a personnel 
with a particular training and viewpoint. Each requires 
facilities of a partieular kind and each requires an ad 
ministrative procedure adapted to its particular needs. 
This has led to the separation of the development organi 
zation at Pieatinny Arsenal into three main divisions, 
namely, the Teehnical Division which is responsible for the 
engineering phase of the activities, the Laboratory Di 
vision which handles the research phase, and the Manu 
facturing Division which takes eare of the produetion 
phase, and in addition manufactures such standard am 
munition for issue as the Arsenal is required to produce. 

Under this assignment of duties the Technical Division 
is directly charged with responsibility for the progress 
made by the Arsenal in the development work assigned to 


it. This division operates as a staff division and exer- 
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cises its coordinating and supervisory functions in the 
name of the Commanding Officer. Its work is carried on 
by its Engineering Staff which is headed by the division 
chief and his assistants and assisted by such auxiliary sec- 
tions as the Drafting Room, Stenographie and Typing 
Sections. The Engineering Staff is divided into five see- 
tions, to each of which is assigned the responsibility for a 
definite region of the ammunition field. In making these 
assignments an attempt was made to divide the field so 
thai the work covered by each section corresponded as 
nearly as possible to the divisions of seientifie and pro- 
fessional work which exist in civil life. The sections and 
the fields covered by them are: 
Propellant Section—covering propellents and propell- 
ing charges. 
High Explosives Seetion—eovering high explosives, 
explosive trains, and bursting charges. 
Fuze Section—eovering all kinds of fuzes and firing 
mechanisms. 
Projectile Seetion—eovering all kinds of missiles (Pro 
jectiles, bombs, grenades, ete.) and cartridge cases. 
Pyrotechnie Section—covering all kinds of pyrotech- 
nies. 

The personnel in each of these sections of the Engineer- 
ing Staff is expert in the particular field covered by its 
own section, and in addition has a general knowledge of 
the fields covered by other sections. The direction of the 
work of the sections, each with its special knowledge and 
interests, so that they will function as a unit with one in- 
terest, namely, the improvement of the complete round, 1s 
the work of the chief of the division and his assistants. 

The assistants to the Chief of the Technical Division 
are first of all his technical advisors and as such are chosen 
for their technical training. They are three in number, one 
with special training in chemistry and chemical engineer- 
ing, one with special training in mechanical engineering, 
and the other with a special knowledge of the require- 
ments of the using service, and the use of ammunition by 
the troops. To these assistants have been delegated all 
the supervisory and coordinating duties of the chief of 
the division, to be carired out in accordance with his poli- 
cies. This arrangement of assistants and assignment of 
duties has been chosen for several reasons, first—to supply 
the Division Chief with an independent source of technical 
advice, second—to provide for the efficient performance 
of the necessary supervisory and coordinating work, which, 
if attempted by the chief of the division personally would 
have to be slighted because of its volume and because of 
other demands upon his time, and third—to provide a di- 
recting organization capable of giving continuity to the 
work of the division in spite of transfers in personnel 
which so often take place in military organizations. 

In the Laboratory the problems ineluded in the research 
phase of the development work are assigned to individual 
members of the Research Staff. The members of this Staff 
are men with essentially scientifie training, and while they 
are each expert in some particular branch of scienee and 
its particular application to problems relating to ammu- 
nition development such as, for instanee, the colloidal chem- 
istry of smokeless powder gels, the chemistry of high ex- 
plosives, the physical testing of explosives, and others, 
they are not familiar with the subject of ammunition de- 


sign except in a general way. Also they have the research 
type of mind and do their work with their own hands or 
with the help of a small number of assistants and the 
routine sections of the Laboratory. The Laboratory fune- 
tions as an operating organization and to facilitate the eo- 
ordination of its work the Chief of the Technical Division 
is also Chief of the Laboratory Division. The actual eon- 
‘trol of the Laboratory, however, is delegated to the Chief 
Chemist. 

The Manufacturing Division has available for carrying 
on the production phase of the development work the 
whole of the manufacturing facilities and operating per- 
sonnel of the Arsenal. It has a planning organization 
for carrying on the administrative work, an engineering 
organization for designing new plant equipment, tools, ete., 
av construction and maintenance organization for building, 
installing and maintaining it, and an operating organization 
for developing the operation of new or improved processes 
and for the manufacture of components and rounds of 
new design. In addition to its development work the 
Manutacturing Division is constantly engaged in the pro- 
duction of small quantities of standard ammunition com- 
ponents. This work is of great importance, not only be- 
cause it provides for the production of those ammunition 
components for which manufacturing facilities at the pres- 
ent time do not exist elsewhere, but also because it en- 
ables the Ordnance Department to maintain a small per- 
sonnel skilled in the art of ammunition manufacture, which 
will be available for the instruction of new manufacturers 
in an emergeney, and it provides work for the personnel 
required to carry on the production phase of development 
work during the intervals when sueh work is not available. 

The individual experts required for the development of 
ammunition are provided by the three divisions of the de- 
velopment organization just described. The coordination 
of their work is secured through a carefully laid out scheme 
of technical administration which is designed to indieate 
definitely to each individual the part of the development 
field in which he is to work and for which he is held re- 
sponsible, to provide each with the facilities and means 
necessary to carry on the work assigned to him, to provide 
such supervision of the individual’s work as is necessary 
to insure that it is being earried on in accordance with 
the general policies of development and with the more 
specifie technical plans, taking care to leave to each the 
greatest possible freedom consistent with the attainment 
of the end in view, and to provide positive means for 
bringing the results of research and development work 
to the attention of the interested persons and insuring its 
use in the improvement of ammunition when applicable. 

The first step in this scheme involves a continuous eare- 
ful study of the whole ammunition problem and the estab- 
lishment of general development policies, the determination 
of the objectives to be reached, the general lines to be fol- 
lowed in reaching them, and their relative importance. In 
this step cognizance is taken of the requirements of the 
using services, the policies and orders of the Ordnance 
Offiee, the experiences of Field Service and the using ser- 
vices, the experiences of this Arsenal and other manufae- 
turers of ammunition, and all other pertinent information 
from whatever sourees obtainable. 


The seeond step consists of a division of the work thus 
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decided upon into definite parts or projeets, each of such 
a nature and extent that it can be assigned to some in- 
dividual for execution. Experience has shown that the 
number of projects thus established are greater in num- 
ber than can simultaneously be handled by the organiza- 
tion which the available funds will maintain. This neces 
sitates a study to determine the relative importance of 
each project and a determination of the proportion of 
the available effort of the organization that each will re- 
ceive. The result of this study is the assignment of a defi- 
nite amount of money for the accomplishment of the work 
covered by those projeets which are to be worked upon 
at the time and the assignment of a priority to each. The 
development projeets thus provided for are each assigned 
to some individual in the development organization, who 
is designated as the “Engineer in Charge” and is held re- 
sponsible for carrying out the work covered by them. 
Projects dealing with the engineering phase of the de- 
velopment work are usually assigned to members of the 
Engineering Staff, those dealing with the research phase, 
to the Chief Chemist or members of the Research Staff, 
and those dealing with the preduction phase, to the per- 
sonnel in the Manufacturing Division. 

The plans, which up to this point have been formulated 
by the Chief of the Teehnieal Division and his assistants, 
other divisions of the development organization assisting 
where subjects in which they have a special interest are 
involved, must now be communicated to the persons who 
are to carry out the work in such a manner that each 
understands exactly what part of the work he is responsi- 
ble for, the objeets to be attained, and the relation of this 
work to the whole problem. If these points are made clear 
and the division of work has been correetly made, very 
little difficulty is experienced in getting the engineers in 
charge to manage their projects in conformity with the 
broader development plan of which they are a part. To 
aid in securing this eorreetness of planning and under- 
standing, it has been found desirable to prepare a written 
statement covering each project, setting forth its scope, 
its relation to other projects, and the objeet to be attained. 
These statements are called “Technical Plans.” 

In some ¢ases the preparation of these Teehnieal Plans 
is a very simple matter, the data being often taken direetly 
from reports of Boards, Minutes of the Ordnanee Com- 
mittee, official correspondence, or other sourees. At other 
times their preparation becomes a diffieult matter and _re- 
quires much study. While the preparation of the Teehni- 
cal Plans is a responsibility of the assistants to the Chief 
of the Technical Division, they are very often the results 
of conclusions arrived at after more than one conference 
attended by those members of the Arsenal organization 
who are interested in the project or have special knowl- 
edge of the subject covered. At these conferences the 
methods to be employed in carrying on the work covered 
by a project are often discussed, and although they are 
sometimes mentioned in the Technical Plan, the general 
poliey is to leave the methods to be employed as much as 
possible to the diseretion of the Engineer in Charge. 

Formal authorization for the work covered by a de- 
velopment project and formal assignment of funds is ae- 


complished by issuing an expenditure order (work order). 


Under this order the Engineer in Charge may have sub 
orders issued to cover such labor, material, equipment, ete., 
as he may require to carry out the project for which he 
1s responsible, so long as the cost thereof does not exceed 
the amount of money assigned. 

Having thus been informed of the scope of his project, 
its relative place in the broad development plans, and its 
object, and being provided with the funds which are avail 
able for carrying it out, the individual in charge is given 
as much freedom of action as his ability and other cir 
cumstances in the case will permit. He is encouraged to 
exercise his initiative and ingenuity and to seek the advice 
and cooperation of other members of the organization who 
may have special knowledge bearing on his problems. 
Technieal supervision of his work is limited as much as 
possible to helpful suggestions and constructive eriticisms. 
This policy, it is believed, will develop a man’s ability Lo 
its maximum and at the same time secure from him the 
application of his best efforts to the aecomplishment of 
the work at hand. 

Experience has shown that the work covered by each 
project is usually so extensive and of such a nature that 
it ean be subdivided into several distinct but closely related 
problems, and it has been found advantageous to have in 
dividuals in charge of projects make such subdivisions. 
For each problem they prepare a program which out 
lines briefly the object to be aecomplished, the relation of 
the problem to the project as a whole, and in a general 
way the methods to be pursued in its solution. By re 
quiring approval of programs before permitting work to 
he started an a priort cheek is obtained that the work 
which is proposed will contribute to the end set forth in 
the Teehnieal Plan, and that proper thought has been given 
to its planning. These problems when appropriately num- 
bered for identification also afford convenient units for 
reporting, for administrative record, and for follow-up 
purposes. Those in authority must here realize that un 
less considerable liberality is shown in the consideration of 
programs for approval, and that it is understood that 
changes in the procedure as planned will very often be- 
come desirable or necessary and must be permitted, there 
is a danger of curbing or destroying the initiative of those 
writing the programs. 
bs The engineer (or chemist, physicist, ete.) in charge of 
a project now proceeds to cary out the work he has laid 
out. If he has a research problem he will probably do 
the work himself or with the aid of one or two assistants, 
or if the problem is one involving the design, manufae- 
ture and test of a component, he will probably personally 
supervise the work of the draftsman drawing up the de- 
sign, have the Manufacturing Division manufacture the 
desired number of samples according to his drawings, and 
have these samples tested by the Testing Ground person 
nel in accordance with his instructions. 

Individuals in charge of projects are required to make 
a technical report upon the completion of each problem 
for which they are responsible. These reports are criti- 
cally examined in the office of the Chief of the Technical 
Division. It is his responsibility that the information eon- 
tained in them receives the proper local distribution and 


applieation, and that the appropriate papers for trans 
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mitting them to the Ordnance Office, with the Arsenal's 
comments or recommendations, are prepared for the signa- 
ture of the Commanding Officer. 

Onee each month the Chief of the Technical Division or 
his assistants hold a formal conference with all individuals 
in charge of projects at which the progress of work and 
general technical questions are discussed. The more spe- 
cific subjects are taken up in informal conferences, held 
whenever the necessity therefor arises. 

It is evident that the Ordnance Office must be kept fully 
informed of the Arsenal’s development plans, the progress 
being made, and the results being obtained. With admin- 
istrative procedure just outlined it 1s possible to supply 
this information with a minimum of effort. The general 
development plans are shown on a series of charts on 
which are listed in logical groups all the active develop- 
ment projects, the coresponding expenditure order num- 
bers, the distribution of the development funds allotted to 
the Arsenal, the priority assigned to each project and 
other similar pertinent information. Photostat copies of 
these charts furnished the Ordnance Office once each month 
and these together with copies of the technical plans coy- 
ering the projects and the programs covering the problems, 
forwarded as they are written, give general and detailed 
information regarding the development plans. Notations 
made on the charts, after the monthly conferences, and 
before the charts are photostated give information of the 
progress of work, and copies of technical reports with the 
transmitting comments and recommendations give inform- 
ation regarding the results obtained. 

It is in some ways unfortunate that a great deal of the 
technical knowledge which exists regarding ammunition 
design and manufacture has never been collected in such 
form that it is readily available to persons who have not 
had a considerable intimate contact with the subject. In 
peace times there are relatively few people engaged in the 
industry and they, probably on aecount of the restrictions 
usually placed upon the publication of such material, have 


not to any great extent collected the available information 


into such readily usable form as has been done with that 
pertaining to some of the more generally practiced branches 
of engineering. While the lack of sueh a collection of 
critically selected data seriously hinders the rapid train- 
ing of new men in the ammunition industry even in peace 
time, it is at the beginning of an emergeney, when a large 
number of men trained in more or less closely allied Jines 
will be required to quickly assume technical responsibilities 
in connection with ammunition, that this lack is going to 
be most seriously felt and may even become critical. With 
a view to remedying this condition the scientifie and tech 
nical personnel at Picatinny Arsenal is attempting to grad- 
ually collect, coordinate, and put into handbook form that 
mass Of specialized information relating to the subjeet of 
wmmunition which now is in the possession of the older 
aud more experienced ammunition men, in written or un- 
written form, in the technical files of the Ordnance Office, 
this Arsenal, and other accessible places, and in the Jess 
well known publications, and adding that which is being 
continually obtained in connection with current work. At 
present this is a purely loeal undertaking, being earried 
out solely for the convenience of the Arsenal personnel, 
It is, however, hoped that in time the “Picatinny Arsenal 
Handbook for Ammunition Engineers” will eome to be to 
the ammunition engineer what “Marks” or “Kent” is te 
the mechanical engineer. 

In the foregoing an attempt has been made to deseribe 
briefly the form of the development organization at Piea- 
tinny Arsenal and the principal features of the administra- 
tive scheme adopted for coordinating and directing the 
work of that organization. While it is believed that a good 
form of organization and scheme of administration are in- 
dispensable in directing the efforts of a group of indi- 
viduals to the efficient accomplishment of a definite piece 
of work, it is also thoroughly understood that no form of 
organization or scheme of administration, however good 
they may be, can take the place of character and ability 


in the individuals who comprise the organization. 


Robert S. Brookings Addresses Army Industrial College Graduates 


HE graduation exercises for the fifth class of the Army 

Industrial College were held in Washington, June 28, 
1926. Diplomas were presented by Hon. Dwight W. Davis, 
Seeretary of War. Robert S. Brookings, President of the 
Board of Trustees, Washington University, St. Louis, Mo., 
who is also President of the Institute of Economies and 
Government Research, Washington, D. C., made the prin- 
cipal address. Mr. Brookings was a member of the War 
Industries Board in 1917. 

Reealling conditions which existed incidental to the pro- 
curement program during the World War, Mr. Brookings 
told the graduates that the purpose of the Army Indus- 
trial College was to guard against a repetition in this re- 
spect by planning mobilization of industry and economic 
procurement in the event of another emergency. 

The graduates were: Maj. Keith F. Adamson, Ord. 
Dept., U. S. A.; Capt. John Biggar, Q. M. C., U.S. A.; 
Capt. Emil H. Block, Q. M. C., U. S. A.; Maj. James H. 
Burns, Ord. Dept., U. S. A.; Maj. Samuel S. Creighton, 
M. C., U. S. A.; Capt. Oliver P. Eehols, A. S., U. S. A.; 


Maj. Edmund deT. Ellis, Q. M. C., U S. A.; Maj. Charles 
T. Harris, Jr. Ord. Dept., U. S. A.; Lt. Col. John E. 
Hemphill, S. C., U. S. A.; Maj. Jeter R. Horton, U. S. 
M. C.; Lt. Col. John B. Huggins, M. C., U. S A.; Lt. Leland 
(. Hurd, A. S., U. S. A.; Lt. Cortlandt S. Johnson, A. S., 
U.S. A.; Maj. Byron Q. Jones, A. S., U. S. A.; Maj. Nor- 
man L. MeDiarmid, M. C., U. S. A.; Comdr. Frederick V. 
MeNair, Jr., U. S. N.; Capt. Jerry V. Matejka, S. C., 
U.S. A.; Capt. Charles J. Morelle, Q. M. C., U. S. A.; 
Capt. Edward S. Pegram, Jr., C. E., U. S. A.; Maj. Alfred 
L. Rockwood, C. W.S., U. S. A.; Maj. Bethel W. Simpson, 
Ord. Dept., U.S. A.; Maj. Robert Skelton, M. C., U.S. A.; 


Col. Frederick W. Van Duyne, Q. M. C., U. S. A.; Maj. 
Herbert J. Wild, C. E., U. S. A.; Maj. Glenn P. Wilhelm, 
Ord. Dept., U. S. A.; and Maj. Maurice B. Willett, 
C. W. S., U. 8. A. 

Instructors during the school term just closed were: 
Lt. Col. George E. Kumpe, 8. C., U.S. A., and Maj. Rudolf 
W. Riefkohl, Q. M. C., U.S. A. 
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Pyrotechnics 


Capt. Ira A. Crump, 


P TO the present time no claim has been advanced 
by any one that the World War was won by pyro 
technics. In this respect pyrotechnies occupy a 

unique position, and it is not the intention of this article 
to take away this distinguishing characteristic. However, 
it is true that in the past, campaigns and wars have been 
won by the use of material that would now be classed as 
pyrotechnics. The literal meaning of the word pyrotechny 
is “the art of fire,” but obviously this definition is too broad 
to be applied to the present division 
of military material known as pyro 

technies which is limited in its mil 

tary meaning to devices used for sig 

naling and illuminating purposes. 

Although the use of fire and con 
sequently the means of illumination 
extends far back to the beginning ol 
recorded history, it was not until 
long after the beginning of history 
that any systematic use of fire and 
light as military weapons was made. 
Gideon, according to the Bible, made 
use of a simple but very effective 
pyrotechnic device when he and a 
small band of Israelites routed the 
Midianites with lamps hidden in 
pitchers. Kach man earried a pitcher 
in one hand and a trumpet in the 
other. At the proper moment the 
pitchers were broken and the trum- 
pets sounded, and it is reeorded that 
the defeat of the Midianites was 
complete. 

Greek fire was one of the first sue- 
cessful pyrotechnic devices which 
could be projected or thrown a short 
distance, and its effeetiveness was 
thereby increased many fold. The 
use of Greek fire died out with the 
advent of gun powder, but the sig- 
nal rocket, the origin of whieh is 
lost in obseurity, is another pyro- 
technic device that has remained in use until the present 
day. Ordnance Manuals of the United States Army pub- 
lished in 1849 and 1861 diseussed under the headings 
“Incendiary Compositions, Lights and Signals,” the va- 
rious pyrotechnics then in use in the Army, the principal 
items being rockets, fire balls and torehes. Prior to the 
World War the pyrotechnics in use in the United States 
Army consisted of signal rockets and the ten gage Very 
pistol cartridges loaded with illuminating and color sig- 
nals. These were procured in small quantities by the Sig- 
nal Corps, Coast Artillery, and Engineers. 





Experimental 1,000,000 Candle Power 
Illuminating Flare, 


Ord. Dept. U. S. A. 


When the United States entered the war a survey of the 
requirements for pyrotechnics showed that all the material 
on hand should be declared obsolete. To design the pyro 
technies required by the Army, a Py rotechnie Section was 
created in the Trench Warfare Branch of the Engineering 
Division of the Ordnance Department, and a Laboratory 
was established at the American University, Washington, 
D.C. This Seetion developed its own designs and produe 
tion had started when the American Expeditionary Forces 


made a reeommendation that the 


Feet French program of pyrotechnies be 
—6 adopted by the United States. This 
was done, although it meant a fresh 
start and the serapping of all the 
work which had been done up to 
iif that time. Orders coming from 
France in the spring of 1918 


changed the caliber of the Very pis 
tol to 25-mm. and brought into our 
requirements about sixteen different 
a stvles of star and parachute cart 
ridges. In addition to these there 
were required about twenty styles of 
star and parachute eartridges for the 
= French V. B. (Viven and Bessieres) 
dischargers. In addition another ree 
ommendation from France brought 
in thirteen new styles of signal 


rockets, as well as smoke _ torches, 


2 wing-tip flares for airplanes, para 
chute flares for lighting the ground 

4 under bombing planes and twelve 
stvles of cartridges for a new 35-mm. 

= Very pistol for the use of the Air 
Service. 


After these instructions had been 
received there was great uncertainty 
- as to the quantity of each item that 
should be produced, and this ques- 





tion was not settled until August, 
1918, when a large program of re- 
quirements was issued. At first it 
seemed that it would be necessary to build new factories, 
but after a careful examination of the existing facilities 
it was found that they could be expanded to take care 
of the production. Before the Armistice stopped produe- 
tion, hundreds of thousands of signal rockets, position 
lights, rifle lights, V. B. cartridges, Very pistol eartridges, 
and airplane flares had been produced. Notwithstanding 
the quantities of pyrotechnics that were manufactured in 
this country, only a small percentage reached France be- 
fore the Armistice. The pyrotechnics that were manufac- 


tured and used during the war were not in general very 
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efficient in performance. Many failures and mal- 
functionings occurred which were probably due 
to too light construction and lack of waterproof 
features which would enable the pyrotechnics to 
stand up under storage conditions at advance 
depots. 

Pyrotechnics have never been considered among 
the major items of war material, but no satisfae- 
tory substitutes have yet been found for pyro- 
technie signals and illuminants, and until that time 
comes, if ever, experimental and development 
work must be earried on to produce pyrotechnies 
for issue to the Army for peace-time training and 
to have designs ready for production on a large 
scale should any emergency arise. Consider the 
experience of the Army upon its entry into the 
last war. There was no central control over the 
procurement of pyrotechnics, existing types were 
declared obsolete, and no new designs were ready. 
A start was made and then it was found necessary 
to drop the adopted line of development and take 
up another with the results mentioned in the pre- 
ceding paragraph. Such an experience should 
not be repeated. No commercial concerns are en- 
gaged in produeing pyroteehnies which are suit- 
able for military purposes, all of their produets 
being intended for quick consumption and not 
having the durable and waterproof features re- 
quired of ammunition, for as such military pyro- 
technies are classed. With the large increase in 


the use of airplanes in warfare, pyrotechnic re- 


ever before should another war come. The Ord- 
nance Department is, therefore, obligated to pur- 
sue the development of pyrotechnies in order to perfect 
designs which will meet the requirements of the Army and 
which will be capable of quick quantity production. 


A Pyrotechnic Board was appointed in 1919 by the War 
Department for the purpose of developing a system of 


pyrotechnic materials, and shortly~after this Board made 


its report the Pyrotechnic Unit was established at Pica- 
tinny Arsenal. This Unit has since that time been earry- 
ing out experimental and development work to meet the 


recommendations of the Pyrotechnic Board and manufae- 


turing and supplying the Army with pyrotechnics for 


training purposes. 

The Unit when it was established in the latter part of 
1919 consisted of two buildings and a staff of three men. 
At the present time it consists of a small machine shop, 
two rows of small mixing and charging buildings, a photo- 
metric gallery, equipment for making spectrographie ex- 
amination of signal lights and the necessary store houses, 
in all about twenty buildings. The personnel numbers 
about. fifteen men and women. The Unit is planned so 
that it can be made into a large production unit on short 
notice. 

The Pyrotechnic Board made a thorough investigation of 
the functioning and effectiveness of signals and flares then 
in use by the Army. A great deal of information was econ- 
sidered and the first conclusions reached were that the 


number of signals should be redueed, as too many signals 





Late Type of 
quirements will undoubtedly be mueh greater than Airplane Landing 
. Flare with Folded 


Parachute. 


cause confusion in actual warfare, and that the 
new signals should be more efficient and more 
durably constructed. To quote from the Board’s 
report, “In general all of the present types of 
pyrotechnies fall within the class of fire-works 
and not Ordnance. In making recommendation 
for specifications covering all the types specified 
the Board is influenced by this consideration and 
cannot lay too much stress upon the importance 
of recommending the development of pyrotechnies 
along the lines of other Ordnance matériel.” 

The Board then recommended work on the fol- 
lowing number of signals: Non-Projected Signals, 
for ground troops and air serviee, 5 signals; Pro- 
jected Signals, for ground troops, 7 signals, for 
day and night use; for air service 12 signals, for 
day and night use. 

The total number of signals recommended as 
compared with the number in use at the end of 
the war showed a decrease of 55. 

The Board further recommended that the then ex- 
isting methods of projecting pyrotechnics includ 
ing rockets, Very pistols, and V. B. eartridge dis 
chargers, be deelared obsolete and that in their 
stead one method of projection of ground troop 
signals and one method for the Air Service sig- 
nals be developed. 

The action of the Board in declaring obsolete 
the old methods of projection, coupled with its 
recommendation that pyrotechnics be taken out 
of the fire-works elass and that future develop- 
ment should be toward producing more substan- 
tial designs which would be waterproof, efficient 
and durable, meant that the new pyrotechnic unit, 
which was soon to be established at Picatinny, had to re- 
design and develop almost an entirely new system of 
pyrotechnics. 

The Board in its report was not so severe with the 
existing types of position lights and wing-tip flares and 
stated that the designs then in use were fairly satisfaetory. 
However, early in 1923 the Air Service requested that a 
new and improved wing-tip flare should be developed. 
Wing-tip flares are used by the Air Service for landing 
planes at night, one flare being placed underneath the 
outer end of each wing and lighted by an electrie squib 
eontrolled from the cockpit. The flares are lighted when 
the plane is about 300 feet above the ground. The new 
tvpe of flare requested by the Air Service has been de 
veloped and is now being manufactured for their use. 
Orders are also being received from the Navy for these 
flares. The present type has a burning time of two min- 
utes and about 45,000 candle power. This type is con- 
sidered very satisfactory, and it is probable that no addi- 
tional development work will be necessary in the near 
future. 

Position lights were used during the last war to outline 
front lines and troop positions to airplane observers. These 
lights were made in red, white, and green, and are com- 
paratively simple in construction. They were considered 
quite effective in operation, but a new type is desired 


that will be waterproof and which will better stand the 
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rough usage encountered in service conditions. A new type 
is under consideration, and it is expected that it will be 
ready for test during the coming vear. 

Soon after the report of the Pyrotechnic Board was 
made the War Department decided that it would be de- 
sirable, if possible, to develop a system of projected sig- 
nals whieh could be used by both the ground troops and 
Air Service. However, it was soon found that the length 
ot delay fuze required for Air Service and ground troop 
signals is quite different, and in addition the propelling 
charge is not the same. This meant that if the same de- 
sign was to be used for both services a complicated fuze 
mechanism would be necessary. The idea was soon aban- 


doned and separate 


ken up. 

The essential parts 
of a signal cartridge 
for both Services are 
primer, fuze, fuze 
housing, fuze hous 


ing cap, signal ele 





ment, signal element 
tube or housing, pro 
pelling charge and 
expelling charge. 
These parts are all 
assembled in one 
complete round. The 
fuze housing in addition to containing the fuze contains 
the propelling charge. The fuze housing eap contains the 
primer and keeps the propellant in place in the fuze hous- 
ing. The tube which contains the signal element is at- 
tached to the other end of the fuze housing. This com- 
plete round is placed in a projector and when fired only 
the fuze housing cap remains in the projector. The fuze 
housing and tube containing the fuze and signal are pro- 
jected into the air and at the highest point of the trajee 
tory, the fuze having burned through lights the expelling 
¢harge which shoots the signal out of the tube and at the 
same time ignites the pyrotechnic composition. A little 
reflection will convince any one that a successful solution 
of the problems presented in the design of a signal is not 
SO easy as it appears on first thought. 

Extensive development work has been carried out at Piea- 
tinny Arsenal since 1919 on the development of Air Ser- 
vice signals and at the present time three types of signals 
have been developed and approved for manufacture and 
issue to the service. These are: Green chain with para- 
chute; white star, cluster; vellow smoke, parachute. 

Although not yet approved for manufacture and issue 
to the service development work is completed on the white 
ehain with parachute signal. In addition three other sig- 
nals have been developed to the point where they are to 
be sent out to the using serviee for test. Further experi- 
mental and development work must be earried out with the 
following signals: Green, single star, with parachute; 
green, star, cluster; message signal. 


Coincident with the work on the Air Serviee signals. 


signals for ground SoS \ 
troops and for the ~~ on the designs, one 
Air Service were ta poo rene pound maximum 
é weight of signal, 
> 


work has been carried out in the development of ground 
troop signals. Although similar types of signals are used 
for both the Air Service and ground troops, the ground 
troop signals cannot always be made in the same manner 
as signals for the Air Service. One of the requirements 
for the ground troop signals is that they must be eapable 
oft being projected to a height of not less than 600 feet. 
Some difficulty was experienced in getting this height, but 
this difficulty has now been overcome. The foree of set 
back on a signal which is projected 600 feet in the air is 
considerable and the illuminant or color composition must 
he capable of withstanding this foree without breaking up. 
Six hundred feet may seem like a very small height to at 

tain but considering 


the limitations placed 


elg 
three pounds maxi 
mum weight of pro- 
jector, and a color or 
Ulnminating compo 
sition whieh will 
withstand setback 
without breaking up, 
this height is not so 
easily reached. The 
following signals 


have been dey eloped 


Wing Tip Flare and Holder. to the point where 


they are considered 
satisfactory as to the signal elements: Red, single star, 
with parachute; yellow smoke with parachute; white single 
star with parachute; red chain with parachute: red star, 
cluster; white, smoke. 

Now that the proper height of projection has been 
reached it is expected that service tests of all these signals 
will take place in the near future. 

Since signals for night use must be easily identified in 
the dark, markings that are distinguishable by touch are 
necessary. Accordingly a scheme of marking the eartridg: 
cases With knurled bands has been devised to enable signals 
to be identified by touch. The position of the knurled 
hand or bands at the top, middle, or bottom of a signal 
indieates the color, red, white, or rreen, the number of 
bands indicates whether the signal is a eluster, chain, or 
single star. In addition all signals are marked for visual 
identification by raised letters in the closing caps on the 
end of the signal. 

In general, signals, like projectiles, are of no use unless 
they are projected to the proper spot before they function. 
Therefore, projectors for pyrotechnic signals are necessary. 
As previously stated the Pyrotechnic Board recommended 
that all the old types of projectors, rockets, Very pistols 
and rifle grenade dischargers be declared obsolete. The 
Air Service had objected to the Very pistol on account of 
frequent hangfires which necessitated throwing the pistol 
overboard just when it was most needed, and instances of 
planes being set on fire on account of hangfires are on 
record. The first development for the Air Service after 


} 


the war was a grenade type of signal which did not re 
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quire a projector, but this was unsatisfactory, and the next 
step was the design of the present type of signal cartridge 
which requires a projector. The projector designed is 
simple in construction, small in size and light in weight, 
the principal parts being made from aluminum castings. 
With this projector, if a hangtfire oceurs, the operation 
of opening the projector forces the whole signal cartridge 
to drop out of the projector and away from the plane. This 
type of projector has proved so satisfactory that it has 
been adopted for use by the Air Service. 

In developing a projector for ground troop signals the 
recommendations of the Pyrotechnic Board have been fol- 
lowed as far as possible. The requirements were that it 
must be simple in construction, durable, weight not to ex- 
ceed that of the service rifle, capable of projecting a signal 
to a height of at least 600 feet and constructed to receive 
the signal cartridges in the form of fixed rounds. The 
development of a discharger was complicated in the be- 
ginning by the desire of the using service to have a dis- 
charger which could be used for both pyrotechnic signals 
and rifle grenades. These early developments led to a 
point where it became necessary for the Infantry to chose 
one of several types. Five projectors were sent to Camp 
Benning for test, and as a result of this test preference 
Was expressed for the bayonet tromblon type. The re- 
quirements for this type remain about the same as for 
the original type recommended by the Pyrotechnic Board, 
except the weight limit was decreased to 3 pounds. The 
present bayonet tromblon type of projector is muzzle load- 
ing, and designed primarily for use with signal cartridges 
only, but otherwise it has been developed to a point where 
it is considered satisfactory. Two of these projectors are 
being manufactured for service test by the Infantry and 
Cavalry Boards. Future development of the ground troop 
projectors will be to design and construct a breech loading 
projector which will embody as nearly as possible all the 
features which are at present considered desirable and 
which will satisfactorily fire the newly developed signal 
cartridges. 

The only airplane flare in use hy the United States Army 
during the last war was a copy of the French flare. Due 
to the large number of failures in functioning and a de- 
sire for a more efficient flare the Pyrotechnic Board laid 
down recommendations for two new types. Each was to 
be equipped with a time fuze to permit functioning at a 
prearranged distance below the plane. One type was to 
give 700,000 candle power with a burning time of 3 to 4 
minutes, the other 300,000 candle power with a burning 
time of 7 to 8 minutes. Development work on these flares 
was progressing and six experimental types had been de- 
signed and three types tested. This experimental work 
was discontinued, and had not again been resumed, when 
the Air Service put in an urgent request for the develop- 
ment of a night landing flare. These Janding flares were 
to be carried in night flying planes and used when forced 
landings became necessary. A number of flares were de- 
signed and tested before a satisfactory type was developed. 
Type III which is now in use by the Air Service and Air 
Mail Service is considered an absolute necessity in night 
flying. Information available is to the effect that fifteen 


pilots and planes have been saved by the use of these flares 


when foreed to land at night. This flare functions about 
100 feet below the plane and burns for 3 minutes with a 
candle power of about 325,000. Although the present type 
is satisfactory in operation it is not waterproof and de- 
velopment work is being carried on to perfect a more 
durable and waterproof type. 

The Air Service has very recently requested that a new 
type of flare be developed for illuminating bomb targets. 
The requirements are rather severe, but it is felt that they 
can be met, and work is being initiated on a design of a 
flare to fulfill the request. 

In addition to the work on the major items of pyro 
technic materials a number of other developments have 
been undertaken and are in various stages of progress, 
These include a pyrotechnic composition for use in illumi- 
nating projectiles in which the Navy is interested, develop 
ment of a tracer for the 37-mm. antiaireraft gun, a test 
quantity of flares and signal cartridges for the Air Mail 
Service and a wind direction signal for the Air Service. 
This latter signal is a recent development to be used by 
high speed planes for determining the direction of the sur 
face wind on landing fields where wind direction indicators 
are not provided. It is necessary to know the wind diree- 
tion on the ground when landing high speed planes, other 
Wise a considerable hazard is encountered. A quantity of 
these wind direction signals are now being manutactured 
for test by the Air Service. Future development of the 
signals will be to make a signal which is also visible at 
night. 

The raw materials required in the making of pyro- 
technies are quite numerous and varied, but the number 
of chemicals which may be used to produce satisfactory 
colors and lights is rather limited at the present time. It is 
hoped that this number ean be increased by further  re- 
search and experimental work. Other materials necessary 
are silk, linen, felt, sulphur, charcoal, nitrates, cotton, aleo- 
hol, resin, aluminum, steel, paper and brass. These are 
taken and combined into complete rounds and into means 
ot projecting these complete rounds, the pyrotechnic unit 
heing the only seetion of the Ordnance Department which 
develops both ammunition and projectors therefor. 

It should not be forgotten that in the beginning of this 
article it was stated that pyrotechny is an art. This means 
that it has not reached the stage of a seience and, there- 
fore, more experimental and development work is necessary 
to produce a new and different signal than would be neces- 
sary #1 producing a new piece of material of a kind gov- 
erned by more exact and plentiful data. As additional 
data and information become available, pyrotechnies will 
progress toward the standardization possible in seientifie 
subjects. 

Pyrotechnic problems will be solved and difficulties over- 
come in time, and signals will be standardized as to shade 
of color, range of visibility and other characteristies. This, 
however, means much painstaking experimental work with 
the photometer, colorimeter and spectrograph, and many 
tests under service conditions. Though these and other 
problems remain unsolved and new problems may present 
themselves as work progresses, it is felt that satisfactory 
progress has been made since the war in the development 


of pyrotechnic material. 
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Fuzes 


Modern Requirements and the Type of Organization 
Necessary for Fuze Development Work 


FUZE, as the word is used in Ordnance parlance, has test his mechanism under 


H. M. Brayton 


been defined as a mechanism which will cause the mis case of 


sile to which it is assembled to explode at the time or It it fails to funetion 


place desired. 


the first explosive missile ever thrown. 


the art of wartare became more 
and more complheated due to 
the application of selence and 
engineering it Was necessary to 
develop fuze mechanisms to 
meet each new condition. The 
history ol ruze development 


shows quite regular progress 
ever since the first use of the 
hollow cast iron shot which was 
filled with black powder, As 
the weapons from which the 


missiles were thrown became 
more intricate, and as the taeti- 
eal requirements of modern war 
fare demanded special actions, 
it became necessary to resort to 
intricate fuze mechanisms to ob 
tain the desired results. 

Thus we find at the present 
time that the design of fuzes re 
quires the application of as 
much mechanical ingenuity to- 
gether with a good knowledge of 
engineering and = scientifie prin- 
ciples as does the design of most 
anv other mechanical device. 
The fuze designer occupies n 
very unique position—and inei- 
dentally rather a difficult one 
as compared with other design- 
ers. When the designer of a 
new machine tool or an air com- 
pressor has a model made and 
tested he can observe its action 
determining whether or not. it 
works properly, and if it does 
not function as he intended it is 
easy to see what is wrong and 
steps ean then be taken to cor- 
rect the trouble. Sueh a proce- 
dure is not possible in the de- 


velopment of a fuze. The designer earefully works out the 
design which he thinks will meet the requirements, makes 
the drawings and then has several samples made. 


assuring himself of its safety when loaded he proceeds to 


It was necessary, therefore, to use a fuze in going 
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Design of a Bore.safe Combination Superquick and 
Short Delay Point Detonating Fuze for Artillery 
Projectiles. The gunner can obtain either action 


by hand setting. 


After 


As time passed and — able, having bev 


1 


to do about 





ine conditions of service. In the 


an artillery fuze this means fire it from a cannon. 
as the designer intended, what is he 
The mechanism is no longer avail 


fired, and generally it is not possible on 


safe to recover it. He ean only 
CUeSS why the mechanism failed 
and proceed to assemble another 
one Incorporating the changes 
Which his assumptions regarding 
the failure indieate. The assump 
tion may be wrong and failure 
aeain result. Nevertheless the de 
signer Inust not become discour 
ged even with repeated failures. 

During the vears of fuze de 
velopment work which have now 
been carried out the designers 
have gradually aceumulated 
ways and means of getting a line 
on why a fuze fails. Some of 
the methods employed are ap 
plicable only to certain types of 
mechanisms. Each test conduct 
ed with the idea of obtaining in 
formation regarding the cause of 
failure must be carefully thought 
out in advanee, otherwise the 
work may be entirely wasted. In 
the case of impact fuzes it 1s 
sometimes possible to fire them 
into a sand butt for recovery 
and thus determine the cause ot 
failure. For such a test the me 
chanism should be loaded prae 
tically inert. This test is very 
limited in its usefulness because 
it does not test the explosive 
train, it does not simulate graze 
action nor the various kinds of 
impact, and it has been found 
that in small ealiber of shell 
fired at high velocity the test is 
of no value beeause the shell it 
self breaks up when it strikes 
the sand. The evidence is thus 


entirely lost. 


A very interesting problem which fuze engineers were 
recently required to solve was the determination of the 
eause of failure of a mechanical time fuze. This fuze con 


tains a elockwork and is designed to explode the projee 
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The 
first test thought of which might show the cause of fail- 


tile a set number of seconds after it leaves the cannon. 


ure was to put the fuze inside of a protecting shell and 
fire it for ground impact at a range where the position 
of fall could be observed and then recover the fuze for 
examination. When this was done the designer was sur- 
prised to find that his mechanism had run and the fuze, to 
all appearances, functioned perfectly. When the same type 
failed. <A little study 


revealed the reason for the apparently contradictory re- 


ot fuze was fired for air burst it 
sults. When fired in the protected shell for recovery the 
fuze had not run in flight but had run down only after the 
shell had come to rest in the ground, so that when recovered 
some time later it appeared to have functioned correctly. 
Two methods have been found quite successful in de- 
termining the cause of failures in mechanical time fuzes. 
One method is to locate the defective part by a process of 
elimination. One part after another can be removed from 
the fuze until functioning does occur. If every part except 
the main spring and gear train are removed and the fuze 
still fails it is evident that the spring is not strong enough 
to drive the train under the aetion of the centrifugal forces. 


A second method by which the cause of failures in these 





Design of a Combination Nose Bonmib Fuze which can be set to give Several Actions. 
It can also be Dropped “Safe,” if Necessary, over Friendly Territory. 





Two Types of Bore Safe Supersensitive Superquick Point De- 

tonating Fuze {for Minor Caliber Artillery Projectiles. The 

fuzes will function on very light targets such as the cloth 
wing of an airplane. 


fuzes can sometimes be located is to fire them under condi- 
tions where they will be subjected to various set-back forees 
and rotational speeds. For example, if it is suspected that 
the rotation is too high for the fuze, fire some in projec- 
tiles having a lower rotation. Sueh tests must be care 
fully planned, otherwise one will get into trouble with some 
of the other features such as 
a reduetion in the set-back to 
the point where failure of the 
safety devices occurs. 


World Wa r, 


the principal need for fuzes 


Prior to the 


was in artillery ammunition. 


Sinee the advent of the air- 
plane the art of bombing has 
been rapidly developed and 
fuzes are needed for bombs. 
The late war also showed the 
need for many new types ot 
fuze mechanisms not only for 
artillery and bombs but also 
for grenades and pyrotechnie 


Modern 


quirements are, 


devices. fuze re- 
therefore, 
considerably more diversified 
than they were prior to 1914 
The field of the fuze designer 
has thus been greatly en- 
larged. 

As the tactical situations 
likely to be 


wartare 


eneountered in 
modern require a 
wide variety of artillery wea- 
pons not only involving eali- 
37-mm. to 


ber ranging from 


16-inch but also different 
types of the same caliber, it 
that the 


problem 


is evident ammuni- 


supply looms 
It should be the de- 


standardize 


tion 
large. 
signer’s aim to 
the units in the various com- 
plete rounds of ammunition 


as much as possible without 
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Design of a Non-Delay Bore Safe Base Detonating Fuze for 
Use in Minor Caliber Armor-Piercing Projectiles. 
impairing their efficiency. Not only do we need more than 
one type ol projectile in several of the calibers but some- 
times several tvpes ot ftuzes for each projectile. If we 
were to design a different fuze for every caliber to meet 
each of the tactieal needs the supply problem would be 

next to impossible to meet. 

In the past it has been necessary to assemble the fuze to 
the projectile at the point of immediate use as it was con- 
sidered too dangerous a pro- 
cedure to transport fuzed am- 
munition. Obviously it is 
very difficult under war con 
insure receipt ot 


the other 


ditions to 
both the 
parts ol the complete round 


fuzes and 


at the position required and 


at the time when the 


same 
troops need them. The work 
of assembly at the gun is cer 
tain at times to delay firing. 

It is the policy at the pres 
ent time to so design all 
that it 


assemble them to the projec- 


tuzes will be safe to 
tile in the loading plant and 
This 


simplifies 


ship the complete round. 
procedure creatly 
the transportation problem 
and makes it unnecessary for 
the gunner to do any work on 
the ammunition except to set 
the fuze. 

The tendency at the present 
time in fuze design is to com- 
bine all the desired actions in 
and so design the 


one fuze 


tuze that it will funetion in 
as many «different calibers as 


The 


sets the fuze by hand to give 


possible. gunner then 
the type of aetion which he 
desires to obtain to meet the 
require- 


particular tactical 


ment. 
This 


ardization is 


. 


same idea of stand 


also being ap- It too can be 


Design of a Combination Tail Bomb Fuze which can be set to give Several 
dropped 


plied to bomb fuzes. The bomber probably has to meet as 
wide a variety of tactical requirements as the artilleryman 
and he also desires to have the number of different types 
of fuzes which he must handle as small as possible. 

There is, however, another side to this subjeet of fuze 
The 


the heavier, more complicated and more costly it becomes. 


standardization. more actions required of a fuze 


that a mechanism is being used which will do 


more than is required of each individual shot. 


It means 
This rep- 


resents wasted effort. It means that manufacturing facili- 


ties will be used in time of war to make things which 


actually accomplish nothing in the way of enemy destrue- 
diffieult 


whether it is better to use a single purpose fuze or a com- 


tion. It is, indeed, a very problem to decide 


bination fuze. With the former the supply problem be- 


comes serious, and in the latter the manufacturing prob- 
lem is the greater. It is probably better policy to simplify 
the supply problem and burden the manufacturing facili- 
ties provided the factories of the country ean handle it 
without disproportionate effort. 

Let us now consider some of the technical requirements 
which the fuze designer must meet to produce these almost 
fuzes. The cannon in which the 


universal combination 





Actions. 


“Safe,” if Necessary, over Friendly Territory. 
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fuze will be used may vary in caliber over a wide range 
such as from the 1.8-inech to the 12-inch. 
locity may vary from 300 ft. seconds to perhaps 3000 ft. 
seconds. The 
thousand pounds per square inch to 40,000 Ibs. per sq. ineh. 


The muzzle ve- 


maximum pressure may run from a few 


Some of the projectiles in which the fuze will be used will 


have an angular velocity of perhaps only 1600 r. p. m. 


(revolutions per minute), while others will have a rotation 
Not only must the 


of 25,000 r. p.m. and perhaps higher. 


fuze funetion when used under 
this wide variety of cannon con- 
ditions but also when subjected 
different kinds of im- 


pacts including water and armor 


to many 


plate. 

The fuze designer is again faced 
with an unusual condition with 
which other mechanieal design- 


ers are generally not bothered. 
A fuze usually contains high ex- 
plosive and a sufficient quantity 
of it to kill or seriously injure 
a person unfortunate enough to 
be close by when it explodes. 
For this reason the design must 
be arranged so that the danger 
of a premature explosion in 
handling or while in the bore of 
reduced to the 
If a 
intact in 


the cannon is 
very minimum. fuze fails 
to remain transporta- 
tion it may mean a very serious 
explosion. 

It will be realized from all of 
the conditions and requirements which a fuze must satisfy 
that to develop one to meet new specifications is a problem 
which is not solved in a short period of time. Even with 
a well systematized organization it generally takes several 
years to perfect a new design to the point of acceptance 
by the using service. In the course of the development 
many difficulties will be met and must be overcome or the 
design passes into the diseard. Usually many designs must 
be tried before one is found which meets all the require- 
ments. It may happen that some of the requirements are 
conflicting, in which case a compromise is necessary, and 
the using service has to decide which features they desire 
to retain. 

It may be of interest to discuss briefly the various stages 
in the development of a fuze mechanism from the time the 
requirements are laid down until it is finally adopted for 
manufacture and issue to the using service. 

The first step is to make a drawing board study to de- 
termine the space limitations in the various shell for which 
the fuze is desired. This point having been determined, 
the designer works on his problem endeavoring to devise 
combinations which will go into the 


various mechanical 


space which he has, which will function as desired and 


which will be safe. The various ideas are laid out as an 
assembly study on the drawing board. Here they are 


Each 


capable of quantity manufacture preferably on a punch 


studied from every possible angle. part must be 


press, but if this is not possible, then on an automatic 
Slow machining operations such as drill- 
The 


The loading 


serew machine. 
ing, milling, shaping, ete., are avoided. design is 
studied very carefully in regard to its safety. 
features and the explosive train must be laid down as 
nearly in accordance with known good practice as possible. 
It usually takes several months to evolve a reasonably sat- 
isfactory design of fuze and even then there are always 
many unknown features which can only be tested after 
sample fuzes have been made. 
When the design has finally 
reached the point where it ap- 
parently meets the requirements, 
detail drawings of all the parts 
are made and orders placed with 
the shop organization to manu- 
number. — In 


facture ai small 


ease the cost of tools for the 
manufacture of the first fuzes is 
going to be very high it may be 
decided to make but one model 
first by hand methods to further 
The 


may 


study the design. various 
doubtful 


tried out in 


features also be 
a preliminary way 


before 





by improvised methods 








elaborate tools are fabricated. 








The particular procedure follow- 











Two Types of Short Delay Major Caliber Base Deto- 
nating Fuze for use in Armor-Piercing Projectiles. 


ed depends upon the nature of 
the design. 

As soon as a few sample fuzes 
are available the engineer in 
charge of the development speei 
fies various static tests designed 
to determine whether or not the mechanism will perform as 
intended. This will inelude assembly studies and a search 
for any unsafe features. After the assembly studies have 
indicated that the fuze is satisfactory one of the assembled 
units without explosive is subjected to tests designed to 
simulate the worst conditions in transportation and hand- 
ling. There are three such tests carried out at the pres 
ent time, namely, the jolting, jumbling and drop tests. In 
the former the fuze is mounted on the end of a long heavy 
base 


arm which rises and drops suddenly on a heavy 


through a distance of about six inches. The jumbling test 
consists of placing the fuze inside of a box and then ro- 
tating the box about its diagonal corners at the rate of 
about thirty revolutions per minute. The drop test consists 
of dropping the fuze in various positions from different 
heights to determine what will happen if it is aecidentally 
dropped in handling. The length of time allowed in these 
tests depends upon the judgment of the engineer, but in 
general about two hours in both the jolt and jumble tests 
are considered sufficient. Any mechanism to be satisfae- 
tory should stand repeated drops from a height of ten feet. 

When the mechanism has satisfactorily withstood these 
safety tests it is tested for arming, that is, the designer 
must know whether or not his fuze will change from the 
safe condition to the position in which it will explode 
If the fuze contains a c¢en- 


when fired from the c¢annon. 


trifugally operated device it must be rotated about its axis 
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to determine the angular velocity at which it will arm. If 


set back or inertia locking means are used which depend 
upon the linear acceleration of the projectile these must be 
tested by measuring the foree parallel to the axis of the 
This foree should not be more 
set-back 


fuze which will arm them. 


than one-half the lowest found in any cannon 


from which the fuze will be fired. This considers that the 
set-back 


obtained with the minimum propelling charge in that par- 


will be ealeulated using the maximum pressure 


ticular weapon. 
After 
mined that 


it has been deter- 


the various loek- 


ine means should funetion, 


the fuze is ready to be test- 


ed statically with explosive 


contents. Most modern fuzes 


are “bore safe.” This term 


means that the sensitive ex 


plosive elements can ex 


before the fuze is 


plode 
fired from a eannon without 
settine off the booster or the 


shell charge. Before a new 


design of fuzes is fired from 


” cannon it Is necessary to 


test its bore safe feature if 


one is used This is done 





by completely loading the 


fuze and then setting off the Two 


sensitive elements with the 


for Artillery Projectiles. 
sate 


fuze assembled in the 


position. It the booster is 


not disturbed the design is considered to be bore safe. 
Usually several fuzes are tested in this way. 
It is desirable also before the fuze is fired from a can 


non to test out its ability to properly set off the loaded 


projectile with which it will be used. This is called a static 


fragmentation test and is carried out in a bomb proor or 


sand tub with the fuze armed and assembled to a loaded 
projectile. The fuze is then fired by any convenient means, 
being careful to duplicate explosive conditions met with in 
actual service use. 

When the fuze has finally passed successfully all of the 
above tests it is ready to be fired from the various cannon 
for which it was designed. If it is an impact fuze pre- 
liminary firings are usually made against a wood plank 
to observe the nature of the funetioning ob- 


as a target 


tained. If the results are satisfactory the fuze is ready 


to be tested under various conditions which may be encoun- 


tered in service. Such tests can only be carried out where 


a long range is available. All such firings for the Army 


are earried out at the Aberdeen Proving Ground. For an 


impact fuze these firing tests are very extensive as they 


must cover all of the weapons in which the fuze will be 


used and the different standard propelling charges for each 
They must be tested at different ranges in each 
The 


these tests should be to duplicate as nearly 


wea pe mm. 


eannon and against various targets. whole idea of 


as possible all 
of the conditions which the mechanism will be required to 
in actual warfare. in these fir 


meet Any malfunctioning 


ings such as failures, low order detonations of the shell 


Designs of a Bore Safe Combination 
Automatic Selective Mechanical Delay Point Detonating Fuze 
Either Action is Obtained by the 
Gunner by Hand Setting. 


filler or prematures, are considered very serious, and when 
these oecur the tests are generally stopped until the cause 
of the trouble is found and corrected. 
Onee the fuze has passed all of the Proving Ground 
tests to the satisfaction of the Technical Staff of the Ord- 


nance Department it is ready for service tests. Several 


thousand are then made and sent to the branch of the 
Army for which it was designed. When received these 
fuzes are fired under conditions met with in actual war- 


fare as nearly as possible 


and a report rendered by a 


service board together with 


recommendations regarding 


future procedure with the 


design. If the service tests 
are suecesstul the fuze is 
ready for acceptance for 


manufacture and issue to 


the troops. Such accept 
ance requires the approval 
Committee, 


Staff of the 


of the Ordnance 
the Technical 

Department, and 
War. It 


then 


Ordnance 
the Seeretary of 
not successful further 
work 
reet the 


must be done to cor 


trouble, otherwise 





the design must be aban 


Superquick and jy noei. 


Such, brietly, is the life 


history of the development 


of a fuze mechanism from 


the time the requirements are specified until it is adopted 


asa standard article for manufacture and issue. Obviously 


such a development program can not be carried out very 


rapidly. The conditions to be met are generally too diffi- 


cult to expect a solution in less than several vears from 


the time the work is first started. 
It has been clearly demonstrated that fuze development 


work 


well 


can not be successfully earried out without a good, 


balanced organization. Any one individual, no mat 


ter how good a scientist or engineer he might be, would 


probably accomplish very little. This condition is proba 


bly due to the variety of knowledge and training neces 


sary to solve the problems encountered. Furthermore any 


one person way find it difficult continually to think up 


new designs without association with other minds. 


Prior to the World War the development of fuzes for 
our Army was mostly carried out by individual production 
organizations at our Arsenals. For example, the develop 
ment of time fuzes was handled by the shop whieh manu 
While this system has certain points in 


factured them. 


prevent it trom being the 


One ot 


its favor it has others which 


ideal method of fuze development. the main diffi 
fact that 


mental man have quite different abilities. 


a production and an 
The 


found in 


eulties lies in the experi 


necessary 
qualifications for both are seldom one person, 
A production shop organization generally does not like to 
be bothered with experimental work. 

When this country entered the war in 1917 the Ordnance 
Frankford Experi 


Department organized at Arsenal an 
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mental Ammunition Department whose duties were to take 
charge of all mechanical development work on artillery 
this 
velopment work on bomb fuzes. 

It was soon found that such an experimental depart- 


ammunition, Later Department took over all de- 


ment must have its own shop and testing facilities as it 
was impossible to get the work done in the production 
shops when it was urgently needed. It was also evident 
that the organization should inelude well trained design- 
ing engineers, competent draftsmen, alert testing engi- 
neers and a corps of good mechanics. 

The 


developed by this experimental department could be got- 


war came to an end before many of the things 
ten into production and furnished to the troops in France. 
The efforts of this Department were not by any means 
wasted, however, beeause they not only materially assisted 
the production departments in the solution of shop prob- 
lems on ammunition production but also built a sound 
organization which was capable of earrying on the work 
of ammunition development after the war. 

Instead of disbanding when the war ended, this organi- 
zation actually expanded and handled more and more de- 
velopment work. This work was entirely of a mechanical 
nature. At the same time developments were being made 
in explosives, for use in ammunition, especially at Pica- 
tinny Arsenal. As Frankford and Pieatinny Arsenals are 
located so far apart, close cooperation between them was 
diffieult. The result was that the metal parts were some- 
times being developed using explosives which were per- 
haps obsolete while new explosives were perhaps being 
tested in obsolete metal parts. 

The Ordnance Department desiring to correet this situ- 
ation and consolidate the work on the development of all 
components of ammunition at one place moved the mechan- 
ical development organization from Frankford to Piea- 
tinny in 1921. 

At Pieatinny Arsenal as now organized the aim is not 


the development of a fuze or of a new explosive but rather 
the chief purpose is the perfection of complete rounds 
which will function in the specified cannon as required. 
It is true, of course, that the fuze has to be developed as 
a unit but its perfection is carefully coordinated with the 
other components ot the round such as the projectile, eart- 
ridge ease, propelling powder and explosive charge used 
as the projectile filler. It is only by such coordination 
that 
in the development of the round as a whole made to realize 


the necessity of making their part of it fit the parts de- 


unnecessary work ean be avoided and all concerned 


veloped by others. 
The staff type of organization at Pieatinny Arsenal is 
On the 


phase 


now handling the complete round development. 
engineering staff are men who are experts in eacl 
of the work. The chief of this Technical Staff must direet 
the efforts of the various members along the lines which 
will produce a satisfactory complete round. The fuze de- 
signer is materially aided by this type of organization, as 
he thus has available the latest information regarding the 
proper explosive to use in his mechanism and the types 
of projectile in which they will be needed. 

Very little advance was made in this country in the art 
of fuze development during the decade prior to the World 
War in comparison to the strides made in some of the 
foreign countries. During and since the war, however, 
much effort has been spent in correcting the backward po- 
sition in which the war found us. Useful fuze development 
must be carried out in time of peace as there is not time 
after war has been declared. 

The Army Ordnance Department is developing, during 
the present period of peace, fuze mechanisms which will 
function as nearly perfectly as possible, which are safe to 
transport in the loaded projectile and which ¢an be manu- 
factured in tremendous quantity in the event of war, using 
facilities which now exist in this country. Such prepared- 


ness is the basis of our National Defense. 





Army and 


yi HE Army and Navy Club of Philadelphia, located at 

313 South Broad Street, was successfully launched with 
an informal reception tendered by the officers and diree- 
tors, to the members on Tuesday evening, June 15, 1926. 
The charter object of the Club is as follows: 

“A military organization, in which the members, having 
served in the armed forces of the United States, or her 
Allies, during the World’s War, may preserve their asso- 
ciations and memories, as well as the traditions of the ser- 
vice, and join with others, who believe in adequate Na- 
tional Defense, in such study of our National History and 
the science of War, as will fit them to perform their duties 
of a National Emer- 


as eitizens or soldiers in the event 


gency.” 


Navy Club of Philadelphia 


President, Gen. William G. 


28th 


The officers of the elub are: 


Priee, Jr. (General Price commands the Division, 


P. N. G.); Ist Viee-Pres., Col. John C. 
Pres., Maj. Joseph H. Bromley, Jr.; Treasurer, Maj. Edgar 


Groome; 2nd Viee- 


S. Gardner; and Secretary, Col. Edgar J. Pershing. 


Officers of the regular establishments, when visiting 


Philadelphia are invited to identify themselves and receive 


cuest ecards. The club service consists of reading rooms, 


lounge, dining room, billiards, and pool room, and an 


Information Bureau through which it hopes to facilitate 
service and ex-serviee men in procuring suitable aecommo- 
number of 


dations for residence in the city. <A limited 


bedrooms are available in the elub house upon reservation. 














Safety In Explosives Plants 


H. S. Deck 


URING World War a 


were engaged in work related to the explosives In- 


the large number of people 


dustry, all of whom, and it ineludes many readers 


of ARMY ORDNANCE, will for a lone time retain an interest 


in military explosives and in steps toward safer methods 
in manufacture and handling. To the large majority ihe 
thought of safety rules in explosives plants brings to mind 


nothing but visions of mottos, “Prepare to meet thy God,” 


“All ve who enter here leave hope behind.” It is with no 
thought of disabusing the minds of the latter that this 
article is written, but rather to discuss in a general way 
the trend of sakety en- 


eineering in. the mod- 
ern explosives p lant, 
particularly at Pieatin 
nv Arsenal. 


It is proposed to limit 


this article to that part 
of the industry which 
deals directly with the 


dangers due to explos- 
ives, deseribing existing 
satety methods, sue 

vesting wavs and means 


ot 
them. 


further improving 


The satetv c¢on- ; 
; Properties 


ditions in maintenance 


shops, container Tac a 


tories, power plants and other non-explosives buildings are 


problems common to industry in general and ditfer 


those in explosives plants only in this: emplovees in’ ex 


plosives plants who are accustomed to work under the con 


tinual strain due to unseen hazards look lightly on visible 
dangers and unsate practices, 


In the field of industrial safety, explosives manutacture 


stands out clearly from other industries in the progress 
it has made during the past decades. This progress Is 
vredt hy COMpPALIson, beeause the nature of the produet 


has isolated both the explosives plant and the emplovee. 
Among the plant emplovees this isolation has maintained 
that Industry 


the 


a guild spirit: similar to which controlled 


centuries ago, in which traditions, not always 


some 
best, have controlled. This plant isolation has been main 
tained, but personnel isolation has largely disappeared with 
the uprovement In transportation facilities. These changes 
have taken place within the memory of men who are still 
actively engaged in the industry. 

causes that have brought about 
The first 


it is recognized that everything must be secondary to the 


There are a number of 


progress in satety conditions. is humanitarian: 
protection of life and limb; all popular agitations for safer 
working conditions have their origin in this. The second is 
economic: there is no branch of industry in which safety 


is of so great an interest to both capital and labor. Other 





causes and influences are: parallel work in other indus 
tries; state laws with periodice inspection by the State De 


partment of Labor; employers’ liability; unconscious com 
that is, between plants and 


ot 


petition within the industry, 


between companies better equipment, in the design 


which calculations have replaced tradition. 
In 


hye en aided by 


effecting these results the plant organizations have 


accident investigating boards, inter-company 


committees, and the pioneer work done by the Bureau of 


Mines, the Bureau for the Safe Transportation of Explos 


and other agencies. The value of the work of investi 


Ves, 


gatine boards has not 


always been in the dis 
or in the 


coveries made 


logieal conelusions and 


recommendations of the 
hoards but rather in the 
psychological effect pro 
duced. In these inves- 
tigations operators have 


had 


expression ol 


an opportunity tor 
Opinions, 


unwholesome conditions 


have been brought to 

light, and unsafe prae 

Flint Lock Powder Tes‘ing Device for Determining Sparking tices eliminated The 
of Engineering Materials and the 

Ignition of Explosives by Spark. cooperative work of 

Inter-company comm 

tees has been particularly beneficial. An illustration of the 

from work done by such a committee is the report of a “Com 


mittee of Manufacturers of Powder and High Explosives 
of the United States” published as the “American Table 
ot Distances.” From the records ot explosions kept by 


individuals and explosives companies in Ameriea and with 
such other information as could be obtained from Europe 
this committee was able to determine the approximate dis 
ot ex 

This 


tances beyond which explosions of a given weight 
plosive would do no material damage to buildings. 
work has been supplemented by fixing a safe distance be 
tween explosives buildings and pubhie highways or rail 
about with 


1 he 


and individualistic type of men, types to whom collabora 


roads. These changes have not been brought 


out heartaches; the industry has ealled for pioneer 


tion was frequently distasteful. The value of this informa 


tion to explosives plant designers in the stress of war con 


ditions cannot be over-estimated. 


Efforts toward greater safety usually find expression in 
rules, regulations and laws; in many instances these go so 
far as to specify the manufacturing processes to be used. 


All such regulations of necessity have (heir root in experi 


ence; the broader the experience the more valuable the 


rules will be. 


It is evident that in all our efforts toward greater safety 


we are making progress only through misfortune; our 
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methods are directed principally toward preventing repeti- 
tion of accidents rather than in attempting to forestall 
In any effort to study safety conditions or to de- 
to 


them. 
sign equipment and improve processes with a view 
greater safety we are faced by the lack of basie informa- 
tion in some very important particulars concerning both 
explosives and engineering materials. Take for example 
black powder dust, our oldest explosive, of which about 
two hundred million pounds are made each year in the 
United States; can it be ignited by a friction blow or a 
statie spark of the maximum intensity to which it will be 
subjected in the manufacturing or loading processes? Can 
TNT dust or molten TNT be ignited under similar con- 


made, the principal of which is the introduction of an at- 
tachment for controlling the temperature of the test sam- 
ple; this will make possible tests on TNT or amatol in a 
molten condition. In this test a 20 gram sample of the 
explosive to be tested is placed on the base or anvil and 
the shoe attached to the pendulum is swung back and forth 
over the base striking a friction blow on the explosive 
with each swing. The holders for the base and shoe are 
designed to take coverings of various materials such as 
steel and hard fibre. The intensity of the friction between 
the shoe and the base is regulated by adjusting the pen- 
dulum length. The uniformity of friction is obtained by 
adjusting the pendulum length by trial before each group 
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BLACK POWDER DUST. | 


NITROGUANIDINE , GUANIDINE PICRATE. 


DINITROTOLUENE , DINITROBENZENE. 
AMMONIUM PICRATE. 
DYNAMITE 40%. 


TROJAN GRENADE POWDER. 
TNT, TRINITRONAPHTHALENE 


— AMATOL. 
_ PICRIC ACID. 


TRINITROBENZENE. 
TETRYL. 
NITRO COTTON, SMOKELESS PDR. (PULVERIZED). 


_ HEXANITRODIPHENYLAMINE , CYCLONITE. 


TETRANITROANILINE. 
NITRO GLYCERIN. 


LEAD AZIDE, MERCURY FULMINATE. 
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Left: Drop Test Machine at Picatinny Arsenal Used to Det>rmine the Comparative Sensitivity of Explosives to Hammer 


Blow. Right: 


Chart Showing the Height of Fall in inches of a 2-kilogram weight Required 


to Ignite Explosives as Determined by this Apparatus. 


ditions? What are the characteristies of engineering ma- 
terials that affeet ignition? It 
better safety conditions in explosives plants that basic in- 


is considered essential to 


formation concerning the characteristies of the explosives 
and of engineering materials be obtained. 

In the work which Picatinny Arsenal is doing in the de- 
velopment of explosives and explosives mixtures the need 
for such data has been recognized and equipment is being 
designed or adopted to carry out the necessary investiga- 
tions. The following is a brief description of the equip- 
ment in use or proposed for this purpose. 

For testing ignition of various explosives by friction 
blow a frietion pendulum machine similar to that used by 
the Bureau of Mines at Bruceton, Pennsylvania, is being 


used. Some modifications of this equipment are being 


of tests until the pendulum makes a fixed number of oseil- 
This test 


fails to ignite the majority of our military explosives. 


lations before coming to rest. is a severe but 

To determine the ignition properties or sensitivity of 
explosives to hammer blow or impact, the drop test machine 
is used. For many years this machine has been an ae- 
cepted piece of equipment in the explosives laboratory and 


In 


operation it is comparable to a pile driver; the explosive 


the records are direetly applicable to our program. 


is inclosed in a copper capsule and set on the base of an 
anvil and a two kilogram weight is dropped upon it from 
an adjustable height. The minimum height of drop re- 
quired to explode the sample is taken as the relative sensi- 
tivity of the explosive. This test has been made on prae- 
tically all of the explosives in which Pieatinny Arsenal 
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has been interested. The density of the test sample, the 
size and shape of erystals and the temperature of the test 
piece are recognized as conditions which affect the results 


and concerning which much work remains to be done. 





For testing the sparking fF 
properties of metals and the 


ignition properties of ex- 


\ 


plosives by spark, a modi- 
flint-loek 
chanism is proposed. When 


fication of a me- 


FLARE COMPOSITION $4 


testing for sparking prop- EXPLOSIVE A-56 - 


erties a standard ignition FLARE COMPOSITION IA 





MERCURY FULMINATE 


by a Friction Blow. Above: 














Friction Pendulum Machine at Picatinny Arsenal used in The Greater Safety Program for Testing Ignition of Explosives 
Chart Showing Rolative Ignitior of Explosives by Friction Blow 


oped under this test. This equipment has its limitations, 
and it is of interest as pointing the way to the goal; it 


has given us an additional view on the characteristics of 


explosives. 





Safety work on static elee- 
tricity has been confined 
principally to the elimina- 
Lit- 


tle is recorded of the statie 


tion of statie charges. 


charge required to ignite va- 
rious explosives or process 


mixtures and materials, and 








SEE 


as Determined by this Apparatus. 


mixture easily ignited by spark, such as black powder 
dust, is placed in the pan, and a test piece of the material 
is clamped in the hammer; failure to ignite the black 
powder dust in repeated trials classes the material as non- 
sparking. Monel-metal, Aleumite, Everdur, and special 
bronzes have been tested by this method and_ classified. 
tests that 
found that some materials from whieh no visible spark 
When 


explosives are being tested for ignition by spark a stand- 


In the limited number of have been made it is 


can be obtained will ignite the black powder dust. 
ard special quality and for: of flint is placed in the ham 
mer and the explosives sample is placed in the pan. 
In this test as in the preceding, the data are comparative. 
We find for example, that TNT and tetryl eannot be ig- 
nited by a spark that will invariably ignite black powder 
and that certain airplane flare mixtures ean be ignited by 
such spark when conditions of the trial are favorable. 
Work with this test has ‘been very instructive, it has not 
gone far enough, however, to be considered as established. 


A fire-proof, non-sparking floor covering has been devel- 





even less of the origin of such statie charges. It is prob- 
able that mueh work which is now being done in the elimi- 
nation of statie charges is unnecessary for the reason that 
in the majority of instances there is no danger of ignition 
involved. Tests with mechanical equipment are required 
to show the maximum static charge that ean be produced 
and accumulated under plant conditions for comparison 
with the minimum charge that will ignite the explosive. 
With manufacturing processes, particularly where a high- 
lv inflammable solvent or explosive is involved, such as 
the recovery of solvent in the drying of smokeless powder, 
extensive studies are required to furnish data for the de- 
velopment of safer processes and for the design of fool- 
In such evaporation, drying, or solvent 


pre WESSES, the 


proof equipment. 


recovery static is not the popularly con- 
ceived frictional statie charge, but is that produced by or 
due to the solvent or moisture leaving the process material 
a new angle. 


and must be studied from 


The machining of explosives is an important part of 


loading operations; it consists principally in drilling, bor- 
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It is proposed to place these data in the hands of de- 
signers of equipment and processes, safety boards, execu- 


tives and operators to enable them to proceed in their 
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ing and facing pressed TNT, amatol, 








ammonium picrate and other pressed 





and east explosives. Because of long 


practice these operations are accepted 





as sate; 





however, there are many 





phases in connection with these opera- 








tions about whieh basie information 
should be our stock in trade, such as —* 
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Proposed Indicator for Magazines and Operations Buildings to Show the Fire Hazard. 


for example: the best material for the 

cutting tools where sparks are a hazard; safe cutting 
speeds; the most effective rate of feed or depth of cut, and 
the shape or grinding of the cutting edge. It is important 
not only to have these data about explosives which have 
been used and about which there is an established prac- 
tice, but it is particularly important to have them con- 
cerning new explosives and explosives mixtures while the 
explosives are in the experimental stage and before the 
development work begins. The equipment which has been 
adapted to obtain this information by trial is a specially 
designed power drill. The explosives sample and the cut- 
ting tool are surrounded by a steel plate or shield for the 
protection of personnel and for the recovery of parts for 
examination in case of an explosion. To obtain the maxi- 
mum sate speeds it is proposed to inerease the cutting 
speeds until ignition of the explosive marks the danger 
point or until a speed sufficiently above the desired speed 
is obtained that will provide an acceptable factor of safety. 
By introducing foreign materials in the explsives test sam- 
ples, it can similarly be shown that certain metals make 
safer cutting tools than others. Endurance tests will be 
run to show the ability of the eutting tool to hold a cutting 
edge and to note the comparative heating of the various 
kinds and shapes of cutters. Temperature control aeces- 
sories are being made for condueting this work under va- 
rious temperatures of the test piece. 

Safety in pressing explosives is assumed, probably be- 
cause of the relatively small number of accidents in this 
class of work. However, there are certain phases in con- 
nection with this process that are under suspicion. Such 
are: the repressing of ammonium picrate, the use of high 
pressures in mereury fulminate loading. No new equip- 
ment is required to carry out this investigation; tests in 
vhich pressing is carried on under conditions sufficiently 
~evere to show that the normal process provides an ap- 


proved margin of safety will establish safe practice. 


work with a confidence that has been lacking; this cannot 
fail to be beneficial in showing the way toward the elimi- 
nation of ‘unsafe practices. 

Much of the information now recorded on explosives has 
no bearing on the problem of safety. From a safety stand- 
point we are not primarily concerned with rates of detona- 
tion, temperatures of explosion, or volume of gas formed, 
and from the present indication in so far as most explos- 
ives are concerned, it remains to be shown that the tem- 
peratures of ignition have a direct bearing on the safety 
problems. It is for example obvious that when the rate 
of detonation or the brisance of an explosive enters into 
an accident, safety rules and regulations or preventative 
measures are no longer of interest. In other words we are 
primarily interested in preventing the ignition of the ex- 
plosive rather than in the violence of the explosion. Our 
interest in brisance is secondary and limited to those in- 
stallations or processes where shields or barricades can be 
of service. This is a field in which there appears to be 
opportunity for improvement, It is possible that steel 
shields give the operator a feeling of security somewhat 
out of proportion to the protection they afford. It is 
thought that a fire resistant shock absorbing material would 
be a more suitable tvpe of material for this work. With 
this in view Pieatinny Arsenal has made trial installations 
of protecting screens of woven rope, asbestos blocks and 
similar materials, 

There are some conditions attending explosions and fire 
fighting in explosives plants not common to the aecepted 
practice. When dealing with explosives of certain types, 
lire fighting equipment other than automatic is not only 
not required but undesirable. Under these conditions per- 
sonal safety is the only consideration and any equipment 
which might tempt the operators to combat a fire must 
be kept away. 

The following equipment is suggested for use in plants 
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where conditions require; on rare occasions their need is 
brought to our attention in a foreeful way: 

In plants operating on loaded projectiles there should be 
some place of refuge in which personnel ean find shelter 
from the uneseapable shower of projectiles and fragments 
resulting from a major explosion. Bomb proofs or dug- 
outs with some simple equipment and first aid supplies 
would fill this need. 

There are instances in fire fighting when a vantage point 
must be abandoned because of an inereasing hazard due 
to the fire, when abandonment means losses and greater 
hazard. There are others in which a line of hose can be 
safely established and protection assured but which ean- 
not be maintained because of the approaching danger. For 
these and similar instances the use of an armored hose- 
nozzle-setting-device would be of great service. One or 
more nozzles arranged in the shield of a e@un earriage, 
for example, would fill this requirement and be of great 
service In maintaining protection at dangerous points with- 
out exposing personnel. There have been instances where 
improvised devices of this kind have been of untold value. 

Good practice dictates that experimental and develop- 
ment work involving explosives be carried on in isolated 
buildings with the least possible number of persons in at- 
tendance. In an establishment like Picatinny Arsenal 
where there is considerable firing and blasting going on 
there is a chance that a minor explosion will not be noticed 
and that no alarm will be turned in. Sueh conditions de- 
feat the main object of our fire fighting organization, name- 
ly, that of bringing eariy reiied and extinguishing the fire 
in its incipient stage. For such conditions an automatic 
alarm system, in which a fire or explosion in a room or 
building will automatically operate an ennunciator at the 
fire department headquarters, will fill a coneeived need. 

Knowledge of the characteristics of the material in a 
building is one of the essential requirements for its sue- 
cessful protection in case of fire. There have been innum- 
erable instances in whieh a fire would have been fought 
with vigor if the fire fighting foree had known that there 
was no unusual hazard. In depots with hundreds of build- 
ings and continually moving or changing stock it is im- 
possible for the fire fightine foree to know the contents 
or characteristics of materials in a given building. It is 
suggested that a mark indicating the danger in case of fire 
be placed on each process or storage building. A group- 
ing of Ordnance materials and explosives from the fire- 
fighting point of view resolves them into four main classes: 
(a) materials in which there is no usual hazard; (b) high 
lv. inflammable materials but without explosive hazards, 
such as smokeless powder; (¢) explosives ; (dl) materials 
on which, in case of fire the addition of water creates an 
explosive hazard, such as nitrate of soda. 

A simple adjustable indicator on the outside of the 
building will accomplish this object. 

There is another class of safety regulations of a more 


subtle form; a form perhaps easily framed into rules and 





regulations, which is frequently misunderstood and _ vari- 
ously approved and condemned. Such regulations are valued 
by their effeet on plant morale. Under this class come good 
lighting, barricades, protection against lightning, sanitary 
appliances and conditions. However important these may 
be in a non-explosives plant they assume a place of first 
importance in explosives plants where alertness is a car- 
dinal virtue. Carelessness is a contagious disease of far- 
reaching consequences, and it follows inevitably that the 
average individual, when surrounded by safety appliances 
and high standards grows and lives up to his environment, 
Whereas when working with unsafe equipment under un 
sanitary conditions he becomes more careless. In the lat 
ter instances some other method of instilling the fear of 
disaster is required. This is well illustrated in the answer 
of a president and general manager of a large explosives 
company, a man of large experience, to a director who 
had the temerity to suggest that steps be taken to reduce 
the loss of property due to repeated minor process explo 
sions by special preventative measures. His reply in effect 
was, “We are not trying to reduce the number of these 
explosions ; we need these explosions every little while to 
keep the men from getting careless.” However effective 
such methods may be they are happily obsolete. 

It is probable that no code or set of rules can be written 
to cover all conditions that may arise in plants engaged 
in straight production of explosives. At an establishment 
like Picatinny Arsenal where new processes and materials 
end new equipment are constantly coming forward some 
method of supplementing the safety rules or regulations 
is required. At the present time this need is filled by a 
hoard of three appointed by the Commanding Officer and 
known as the Safety Board. This is in fact a board of 
review which is required to pass on all new processes, 
methods and designs before they are used and on all ae- 
cepted methods and equipment at any time when their 
safety is brought into question. The operation of this 
hoard is a part of the safety organization and procedure, 
and will not be enlarged on here. 

Contrary to popular opinion statistics show that the acei 
dents to employees in modern explosives plants do not 
compare unfavorably with non-explosives plants. In faet 
the claim is made that explosives plants operating under 
the influence of an effeetive safety organization offer less 
hazard on the whole than many plants in the non-explos 
ives industries that are commonly considered as being safe. 

In the work for greater safety in explosives plants there 
is a long road to be traveled and there are no terminals 
in sight; each step toward better safety shows a path to 
new opportunities for further improvement, “and the end 
is that a workman shall live to enjoy the fruits of his 
labor; that his mother shall have the comforts of his arm 
in her age; that his wife shall not be untimely a widow; 
that his children shall have a father and that eripples and 


hel} less wrecks who were onee strong men shal] not longer 


be a by-product of industry.” 
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Filling Armor-Piercing Projectiles With 
High Explosive Bursting Charges 





cA Foreword—by Hudson Maxim 


HE very able article, painstakingly truthful and 

accurate, by Capt. John P. Harris, Ord. Dept., 
U. S. A., which follows, is deserving of appreciative 
comment by one of the civilian pioneers, who, more 
than a quarter of a century ago, undertook, in co- 
operation with the Ordnance Board of the United 
States Army, to discover a satisfactory high explos- 
ive bursting charge for projectiles. 


The Ordnance Board was not satisfied with any 
of the explosive compounds previously made and 
tested either here or abroad. It was accepted as 
an absolutely indispensable desideratum that the 
high explosive to be selected should be absolutely 
stable, enabling it to be kept any length of time 
without deterioration; also that it should be so in- 
sensitive to shock as to enable it not only with abso- 
lute safety to withstand the shock of discharge from 
the gun, but also the far greater shock of penetrat- 
ing heavy armor plate, to be exploded by a de- 
tonating fuze, either within the plate itself, or be- 
hind the plate, where the destructive effect should 
be greatest. 


TNT (tri-nitro-toluol), while very insensitive, was 
not found to be sufficiently insensitive exactly to 
meet requirements as a bursting charge for armor- 
piercing projectiles. Besides, TNT lacks the high 
disruptive and shattering force of picric acid and 
certain picric acid compounds. 


Therefore, two compounds of picric acid were 
selected which had the greatest promise—the one 
was called Maximite, a compound invented by me, 
consisting of ninety per cent. picric acid, combined 
by fusion with ten per cent. of mono-nitro-naph- 
thalin. 


! found that when melted picric acid and mono- 
nitro-naphthalin were combined, an actual mono- 
nitro-naphthalin picrate was formed, which, al- 
though consisting of a somewhat loose chemical 
union, was nevertheless found, on analysis, to be an 
actual picrate. This mono-nitro-naphthalin picrate 
closely equalled the great density and high specific 
gravity of pure picric acid, while it possessed per 
unit or weight an explosive force quite comparable 
with, even if it did not actually equal, pure picric 
acid, in explosive violence. 


The terrific force of Maximite is well illustrated 
by the fact that more than 7,000 fragments were re- 
covered from a seven-inch armor-piercing forged 


steel shell detonated in an explosion chamber. In 
armor-piercing tests with Maximite, a Harveyized 
nickel steel plate, twelve inches in thickness and 
weighing thirty tons, was erected, and supported by 
heavy timbers, backed up by a huge sand butt. A 
12-inch armor-piercing shot, without fuze, contain- 
ing twenty-three pounds of Maximite, was fired 
through this plate, and recovered intact from the 
sand butt, proving the resistance of Maximite to the 
severest shock. 


Another 12-inch armor-piercing shot, also con- 
taining twenty-three pounds of Maximite, and armed 
with a fuze, was fired at the same plate. The fuze 
acted to explode the projectile when about half way 
through the plate. Although the quantity of Max- 
imite was but twenty-three pounds, the plate was 
broken into many pieces, one fragment weighing 
several tons was hurled to the top of the abutment, 
and not a piece of the plate remained standing. 


The melting point of picric acid was very ma- 
terially lowered by the 10 per cent. of mono-nitro- 
naphthalin, greatly lessening the danger in melting 
for filling shells. The facility, ease and safety with 
which Maximite could be melted and charged into 
shells was greatly in its favor. Watchful care, how- 
ever, had to be exercised, to ensure the elimination 
of any air spaces in the Maximite charge in the shell, 
because an air space of any considerable size might 
allow the explosive to crush back into the space by 
the shock of discharge, causing a premature ex- 
plosion. 


I found, however, that air spaces could be pre- 
vented by the simple method of tamping the charge 
with a wooden rammer while in the process of 


filling. 


Picrate of ammonia, recommended by Capt. B. 
W. Dunn, Ord. Dept., U. S. A., and designated 
Explosive D., was the other picric acid compound 
tested by the Ordnance Board simultaneously with 
Maximite. The properties of this compound and 
the methods employed in charging it into projec- 
tiles, together with the method finally adopted at 
Picatinny Arsenal for charging armor-piercing shells 
with Maximite, are very accurately and lucidly de- 
scribed in the following article. 
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Explosive D Loading Plant, Picatinny Arsenal. 


Loading Ammunition at Picatinny Arsenal 


Capt. John P. Harris, 


HE loading of ammunition at Picatinny Arsenal is 
TT very readily divided into two phases. The first 

phase covers loading done prior to July 1, 1919, 
the seeond, all loading sinee that date, as it was at that time 
the large expansion was started which has developed this 
arsenal into one of the largest Ordnanee stations, as well 
as one of the most important. In view of this natural 
division, the loading of ammunition will be considered in 
the following manner: (I) Loading Work Prior to July 
1, 1919; (Il) Loading Work Since July 1, 1919. 


Loading Prior to 
July 1, 1919. 
About January, 

1902, econsidera- 


tion was given to 





the ereetion of 
plants for loading 
shells at Picatinny 
Arsenal. On Octo- 
ber 31, 1902, an 
Ordnance Board 
consisting of Maj. 
R. Birme, Ord. 
Dept.. U. S. A, 
Capt. E. B. Bab- f 


bitt, Ord. Dept, “a 
' ( | 4 : fs 


U. S. A. and 


Capt. B. W. Dunn, , 
. 5 ce Turntable with 16-inch Armor-Piercing 
Ord. Dept., U. BS. Loading 
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Ord. Dept., U.S. A. 


A., reported to the Chief of Ordnance that arrangements 
for loading maximite could be more quickly installed than 
for loading explosive D. They recommended that the maxi- 
mite installation be made at onee but suggested that it 
would be preferable to load at least 50 per cent of the 


projectiles with explosive D. 


MAXIMITE 


Their recommendation tor maximite was that a tem- 
porary building be ereeted and equipped with seven 
kettles, six of 
a plain pattern 
with a hand cover 
only, omitting the 
fume stack and 
also the outlet 
valve at the bottom 
of the kettle, and 
one with all ap- 
purlenances in ac- 
cordance with the 
sugvested plan ol 
Mir. Hudson 
Maxim which 
called tor a poree- 
lain’ lined steam- 
jacketed kettle, 


os with a bottom dis- 


, . charge. The board 
Projectiles in Position; Explosive D 


Plant. recommended = that 
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this latter kettle be used in an experimental way as a means 


of testing its practicability for future use. Contracts were 


awarded tor the erection of this small plant in the early 
part of 1903. 
Under date ot July 23, 1903, the Chief of Ordnance 


instructed the Commanding Officer at Picatinny to begin 





A TNT Melting Kettle at Picatinny. 


immediately the filling 
of shelis with maxi- 
mite. The Com- 
manding Officer ad- 
vised the Ordnanee 
Office of difficulty in 
carrying on this work, 
as follows: “As is 
known to the Ord- 
nance Office, — picrie 
acid is a very dis 
agreeable substanee 
to handle due pri 
marily to its diseolor- 
ing effects on the skin, its injury to all clothing worn and 
again to the danger in handling it. In attempting to earry 
out the instructions of the Ordnance Office this office was 
much delayed in’ finding men willing to do the work 
Finally on August 14, 1903, consent of tive men to under 
take the work was obtained and the men were prt to 
work at onee.” 

Maximite was a mixture of 90 per cent picrie acid and 
10) per cent mono-nitro-naphthalin. The mono-nitro 
naphthalin was melted in a kettle and then pieric acid was 
eradually added, with continuous stirring. This mixture 
was then poured into the sheils, In Weaver's book, 
Military E rplosive s, first edition, the following information 
on maximite is given. “Mr. Maxim in an article in the 
Journal of the Military Service Tustitution, November, 


1991, gives some account of maximite. He says it ‘eon 











sists mainly of a novel picrate.” Maximite is fusible. 
Shells are filled by melting it and pouring it into the eavity 
in the melted state. The Ordnance Board reports that 
the tests indicate that it is a suitable explosive for armor- 
piercing shells. It was used in the 12-inch armor-piereing 


shell in the Gathmann gun trials.” 





. or ~ ‘te a aM ey 2. ? 


Pouring TNT into 155-mm. Gun Projectiles at Picatinny. 


Notations were 
made on the reeords 
that experience show- 
ed 50 pounds steam 
pressure was insuf 
ficient to melt this 
material within a rea- 


that 


sonable time an 
85 to 90 pounds was 
employed with eco 


nomy. The period 


cence 


over which maximite 


Drilling out TNT to Zorm the Booster Cavity of a 155-mm. Gun High wus loaded into shells 
Explosive Shell. 


nt Picatinny Was ol 
short duration, probably not more than two vears. 
Maximite loading was not sueceessful as considerabl 
difficulty was encountered in endeavoring to obtain a cast 
tree Trom cavitation, 
Due to the eavitation, and prematures resulting trom 
these cavilles breaking down when the projectile moved 


forward in the gun, it was decided to remove this explosive 


from the shells which had been loaded. Tire method used 
In removing maxinite Was quite different from that which 


is now used in removing explosives and It Is helieved a 
slight reference to it will be otf interes The shell wa 


’ 


entirely eneased ina steel jacket provided With steam Gols. 


The jacket could be opened at one end bo admit the shell 
Phe eX] losive Was not completely melted. The entire shell 
was heated so that the explosive adjacent to the walls of 
the cavity of the shell melted first, which freed the cast 
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and thus allowed the remaining solid part to slide down would come to the arsenal, secure cloth, thread, 





out of the shell. 


EXPLOSIVE D 


During the year 1903 a contract was placed for the 


erection of a building to house a hydraulic pressing plant 
for inserting explosive D (ammonium picrate) into armor- 
piercing shells. In 1905 the contract was placed for the 
purchase and installation of 
the machinery to equip this 


building. Operations in 
this plant were intermittent 
but the method remained 
the same until about 1917 
when it was decided that 
some attempt should be 


made to keep the ammonium 


picrate (pierie acid was 


tests ) 


from coming into immediate 


also used in a few 


contact with the side walls 
of the projectile. In order 
to accomplish this there was 


developed a method of plae- 





ing a “TNT surround and 
This 
surround and seal was made 
by pouring TNT 


seal” within the shell. 


into the 
shell, allowing it to stand 
for a few minutes and then 
pouring out the TNT which 
had not solidified, leaving a 

TNT 


side 


very thin layer of 


immediaicly on the ‘ 
walls. The explosive D was 
then pressed into the eavity. 
This practice, however, was discontinued as it was believe | 
that some prematures were caused due to the breaking down 
of this surround and seal on set-back and also that TNT 
would not stand impact on armor plate. 

this 


armor-piereing shells were loaded at the 


During period, however,  practicaily all of the 


coast defense; 
by enlisted men. The explosive D was weighed out into 
charges of the correct size and was turned over to a soldier 
who, with a wooden ram and wooden hammer pounded 
shell. This 
practice was possible as long as the specified density re- 


L133. ht 


practice now that the density has been increased. 


away until all of the explosive was in the 


mained is impossible, however, to follow this 


PROPELLENT CHARGE LOADING 


Propellant charge loading was the first real production 


work done at this arsenal. This operation antedates the 
Spanish-American War and has been continuous ever since. 
The first charges loaded contained brown prismatic powder, 
With the de- 
velopment of smokeless powder and its use as the military 


this 


black powder, or nitro-glycerin powders. 


propellant, the plant was converted for loading 


powder. The silk bags which were used to contain these 
powders were as a rule made at the arsenal. In the event 
of rush orders some of the bags were made in the homes 


of the people in the immediate vicinity of the arsenal. 





Cutting down Explosive D for Base Plug Assembiy. 
Explosive D Loading Plant, Picatinny Arsenal. 


ete., take the material home and sew it on their machines 
and then return to the arsenal with the coripleted bags. 
This practice continued until the World War. 

During the early stages of the World War Maj. J. H. 
Meyers developed a bag wrapping machine which revolu- 
this 


it was customary to have the bag made considerably larger 


tionized the bag loading operations. Prior to time 


in diameter than was 


necessary and then by the 


use of lacing twine the 
charge was tightened so as 
to make it rigid. This bag 
wrapping machine permit- 
ted the 


approximately — the 


bags to be made 
exact 
size required. The charge 
was then wrapped with put- 
teeing tape about 2 
This 


used slightly more cloth per 


inches 
in width. practice 
charge, but did not 
drawback to the 
method as it permitted the 


pre ve 


to be a 


use of a much lighter grade 


of silk eloth in the side 
walls of the bag beeause of 
the extra strength given by 
actually 


the tape, which 


worked out as a saving in 
money. By the use of this 
machine, produetion per 


operator was inereased 
It is be- 


this 


about eight times. 


lieved that had _ not 


machine been developed, 
considerable difficulty would have been encountered in ob- 
taining, first, the production of the laced type silk bags 
themselves, and secondly, the production required in the 
number of charges. 
TNT anp AMATOL LOADING 

United States entered the war in 1917 the high 
shell this 


ammonium picrate and trinitrotoluol. Ammonium picrate 


When the 


explosives for filling used in country were 
was used for armor-piereing projectiles and trinitrotoluol 
was used in all shells for mobile artillery ammunition. 
The experience of our Allies had already shown us the vast 
quantities of high explosives necessary for filling shell, 
trench warfare ammunition and bombs. It was apparent 
that the supply of TNT available, even after the facilities 
of the explosives industry had been fully expanded, was 
insufficient for the needs of our shell-filling program. 

Early in the war England found that it was impossible 
to seeure a sufficient supply of TNT for her needs and 
after an extended research in the subjeet of substitute ex- 
plosives, decided upon the plan of mixing TNT and 
ammonium nitrate in varying proportions. 

Fortunately for this country, England had been using 

TNT 


time to have fully investigated all the 


amatol (mixture of and ammonium nitrate) for a 


sufficient length of 
properties of the mixture and to establish its efficiency 
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and the methods necessary in its manufacture and use. EXPLOSIVE D 

At the request of the American Government, Dr. T. Developments made during the war indicated that the 
Martin Lowry and Major H. L. Armstrong came to this density of loading of explosive D was not sufficiently great 
country from the British Ministry of Munitions and as- to insure that this explosive would stand up on impact 
sisted in establishing amatol loading. A commission was with armor plate. Experimental work and tests made in 


also sent to England to visit the loading plants there and dicated that the density must be inereased from 1.35, plus 


to obtain information on this subject. Finally on Octo or minus .02, to some point above 1.45. Specifications 
ber 26, 1917, amatol was definitely adopted as the Amer were, therefore, changed so that this density would be 
ican sheil filler. It was not uniform throughout the 
all plain sailing, however, shell, between the figures 
in the adaptation of a new 1.45 and 1.50. In order to 
industry in this country. secure this higher density 
Considerable difficulty was it was necessary to rebuild 
encountered not only in completely the explosive 
securing proper crystals of D plant as the facilities 
ammonioum nitrate but also were entirely inadequate in 
in securing equipment size and quantity. It was 
which was suited for this also believed that certain of 
purpose. There were about the operations which had 
15 to 20 variables whieh been done by hand could be 


entered into this situation. done dD the use ot auto 
In view of all these dif matie or seml-automateé 
ficulties it was felt that the equipment, After con 


eovernment should have a siderable study this new 


small plant in which the plant was finally designe 
work carried on by con- and erected with a capacity 
tractors could be checked ol approximately L0Q—12 
and also that could possibly inch, 14-inch o r 16-ineh 
work out new processes or armor-piereing shells pe 
improvements in the pro- eight hours. 

cesses as adopted. Pieatinny The movement of th 
was ealled upon to do this shells in and around the 
work and a_ plant’ was BS ux 11% B Adapter Booster presses is accomplished by 


ereeted in which small quan- means of mechanically 








” shall« wre fille Pressed TNT and Tetryl Pellets for Loading Boosters and — ‘ntables A bar 
eoae “ hells were filled. Booster Cavities, also Pressed Black Powder Pellets. driven turntables. ; 


This plant, however, was ricade of eonerete, heavily 


completely demolished by an explosion which took place in remmtoreed, is so erected that a section ol the turniable is 
December, 1919. Within the barricade and passes under the hydraulie press 
erected therein. The turntables are equipped with four 

Loading Since July 1, 1919 oading stations, one at each quadrant point. A _ shell, 


= : : wine wan. malened is suitable earrier on : ne 
The close of the war found the Ordnance Department with laving been placed im i litable carrier on a truck, 1 
oved on to the first loadi * station and a charge placed 


no arsenal equipped for and capabie of loading ammuni 


tion. After considerable discussion it was decided that within the shell. The rntable is then moved a quarter 
Pieatinny Arsenal was the best suited for development into urn and another shell moved into position on the second 
this work. There were certain drawbacks to this seleetion loading station \ charge of explosive is then put into 
but taking into aecount the fact that certain bag loading, this shell Phe s again moved a quarter turn 
smokeless powder, storage, water and power facilities were which brings barricade and im 
already available, it was felt that Picatinny was well suited — mediately ss ese presses are of special 
tor the undertaking. Money was, therefore, made availabi desig? vhen operated at 
tor the erection of a complete ammunition arsenal. In yy rls rs ater pressure (nother 
August, 1919, the preliminary design work was started . third load 
Designs for new buildings were made, old buildings wer ng st ! e p man begins his 
altered and before long construction work was being ear ol eX ve in t 
ried on at a rapid pace. This work continued unt bn st oshue = p eontinued 
1922. In the meantime, however, it had been decided r each pressu 
the metal component phase of ammunition should not br oe te ( Ol ( rntable 
developed at Picatinny Arsenal and this part of the work s Ul Ss : 

was abandoned. This means that Pieatinny today is no Phe tirs le bject is one 
a complete ammunition arsenal, as it has no drawing and of safety . S laced centrally unde 
forging facilities, and so is incapable of production of son o e pres ke certain that the ram does 
ot the metal components of ammunition. rike es \ e she Various mechanical 
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devices have been installed to accomplish this. There are 
indicators on the turntable which show the operator when 
the shell is centered under the press. In addition to this 
there are hydraulic evlinders with the necessary safety 
stops attached to them so that these cylinders will move the 
turntable into a centralized position before it is possible 
for pressure to be applied on the explosive in the shell. 
The openings in the barricade through which the turn- 
table passes are provided with armor plate doors which 
are also operated by hydraulic eylinders. As soon as the 
valves controlling the hydraulic ‘essure are opened the 
water first pases ihrough the eylinders which move the 
turntable into a centralized position then to the cylinders 
which close the armor plate doors and then to the ram 
of the press. In releasing the pressure these 
operations are reversed so that the ram must 
be out of the shell before the doors can be 
opened and also before the turntable can be 


moved. 


Factors AFFECTING LOADING OF 
ARMOR-PIERCING PROJECTILES 


There are many conditions met in loading 
shells with explosive D which affect the satis- 
factoriness of the product: 

(a) Size and Shape of Ram.—Experiments 
with all kinds and shapes of rams or plungers 
show that a flat ram is the best. The diameter 
of the ram must be earefully determined. <A 
properly designed ram reduces the danger of 
the operation by allowing all D not pressed 
by the plunger to have free escape around 
the sides. This also gives more uniform densi- 
ties; a large? plunger vives high densities on 
the sides, a smaller plunger high densities in 
the center. When the loading is properly ear- 
ried out, all D is either held firmly under the 


pressing surface, or is given free eseape with 





See o bid 
Seams 2 Oe ° 


Weighing Propellant Charge for 3-inch Antiaircraft Ammunition, 


out undergoing any compression; relative 
motion of particles within the D which is held 
firmly is negligible, and the D which eseapes 
is still in proper condition for pressing. If, 
however, the clearances are too small (clearanee 
area less than 16 per cent of the cross-section 
of the eavity, or plunger not centrally located 
in the cavity) the eseaping material will be 
compressed before it gets clear, and will not be 
in satisfactory condition for re-pressing. It 
will also be noted that unless small plunger; 
are made long enough, some D may be com 
pressed by the enlarged upper portion of th 
plunger. 

(b) Human Element.—In view of the faet 
that the suceessful operation of this plant de 
pends absolutely on the pressure applied on 
the explosive, it can readily be seen that the 
men operating these presses hiust be reliable a 
they must follow the instructions given, to the 
letter. The rate ot application ot the pressure 


and the time of holding the pressure on the 





explosive must be uniform as disregard of these 
points alone can give a variation in density 
ereater than. the allowed variations in the specifications. 

(e¢) Size and Sha pe of Cavity to Be Loaded.—lt has 
been found that this point is one of the deciding factors 
in production. A eavity which is deep and sharply pointed 
is very “difficult to load. Numerous experiments have 
shown that a pressure as high as 30,060 pounds per square 
inch must be used in order to obtain a density of 1.48 in 
the point of the cavity in some projectiles. This is due 
to the fact that rams which are too small in diameter on 
the point, when used on.an extension to reach the point 
of the cavity, will not stand up under the pressure exerted 
and further, to the fact that from a safety standpoint 
the plungers must be kept from striking the side walls 


of the cavity. 





Soldering the Brass Diaphram in 3-inch Antiaircraft 
Ammunition at Picatinny Arsenal. 
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Grain of the Explosive-—There is so much 
difference in this condition that a test must 
be run on each lot of explosive D. Tests in 


dieate that the coarser the material the easier 


‘ 
it 


terial is very hard to press. The pressure 
necessary to obtain 1.45 ce nsit\ will vary con 
siderably from one lot to another. Results 


show that as the granulation decreases in siz 


1! 


proportion to the fineness of the granulation. 
For instanee, lots 149 and 402 are regular 
oading lots of explosive D. Loading tests were 
made of these lots in 3-ineh 15 pdr. cast steel 


shell. The former lot required a pressure of 


average densitv of 1.51; the latter a pressure 


“o 


of 1.500. The former lot contained a small per 
centage of material passing through an 30 
mesh sieve; the latter contained over 36° pei 


cent. This presents a practical demonstration 


0 


7,000 Tbs. per S{. inch to load the shell to an 


I 


I 


(d) Nice and Condition of Crystal or 


is to press and that a fine, light, fluffy ma 


ie density atter pressing also decreases in 


1 


15,000 Ibs. per sq. inch to load to a (tensity 


the effect upon loading of exeessive amount- 


issing through an SO mesh sereen. 7,000 Ibs. 


per sq. Inch upon lot 402 would give a probable density 


l. 


han the range in density which is permitted in regular 


loading, 1. e., 1.45 to 1.450. Llenee, if a variation in 


as 8,000 Ibs. per sq. incl actually 


fave a density 


45. The difference between 1.51 and 1.45 is .03 ereat 


| 


lation were encountere| such as exists between the samp! 


eran 





mentioned above there would result the rejection of loaded 


shell unless very wide compensating changes were made 


Lil 


the loading pressures. Lot 149 gave very satisfactory load 


WwW 


results and the granulation may be considered as 


—" 


\oe . 
bad 
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Sewing Powder Charges for the 16-inch Howitzer at the 
Picatinny Arsenal Loading Plant. 
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fssembling and Crimping Cartridge Case to Projectile. 


approximation to the desired standard. Unde operating 
conditions & maxinum output may be expected when using 
evranulation similar to lot 149, but when excessive amounts 
of fine material are encountered Opn rations must be checked 
or suspended until results are obtained by experimental 
oading of shell and sampling for density. The results of 


nished shell are very erratie when loading with fine 
evranulations. 

Laboratory results upon the sensilivity of explosive L) 
using tetrvl as a booster show the sensitivity curve to be 


practically a flat, straight lime regardless of the pressure 
to which the explosive D has been subjecte 

Experimental work to date indicates the desirability of 
lamiting the granulation of explosive D so that not more 
than 15 per cent will pars through an SO mesh sereen, but 
it is not satisfactory at this time to change the specifica 
tions since a study must be made of the economic phase 
of the situation, i. e., it is not certain whether the cost of 
screening the material to remove the fine granulations or 
ol moditving the process so as LO produce only the desired 
eranulation may not be more costly than the increased 
labor in the loading plant. 

This grain or erystal condition is encountered in all 
pressing work on explosives. Photom crogray hs of tetrvl, 
for instance, show great differences. Some lots show 
ervstals which form large irregular conglomerates, while 
others contain some large aggregate erystals, but for the 
most part they contain a large pereentage Ol aggregate 
which have a regular outline. This difference se riously 
affeets the ease of securing density and also the uniformity 
of loading the explosive when endeavoring to manu 
facture pellets. 

(e) Size of Ineremeut It has also been found 
satisfactory results can be obtained if the length of the 
pressed increment does not exceed the diameter of the ram 


Other than this control on the size of the increment It 1s 
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believed that the size is a question of production only. 
All other conditions can be overcome by a change in the 
amount of pressure used and the method of the applica- 
tion of the pressure. Weights of increments are deter- 
mined for each new lot of explosives and each size of shell 
by experiments, samples being taken at frequent intervals 
to insure that the shells are being uniformly loaded. 





Laced Propellant Charges for the 16-inch Howitzer Showing 
a Base and Three Equal Increment Charges. 


(f) Supporting of Shells—One of the greatest diffieul 
ties encountered is the proper supporting of the shell 
while being pressed. Consider, for instance, the 16-inch 
shell. The explosive must be pressed in this shell at a 
density of 1.48. 
12,000 Ibs. per square inch must be applied on the explo- 


In order to do this a pressure of about 


sive. The ram used is about 8 inches in diameter, or 
50.27 square inches, which means a dead load of 603,240 
pounds or 300 tons. These shells are all sharply pointed 
which means a wedging action of the shell in any support 
provided. Shells have stuck in the supporting blocks so 
firmly, that it was impossible to remove them. This dif- 
fieulty was finally overcome after careful study, by the 
design and manufacture of a support made to very close 


tolerance, from a special grade of steel. 


PROPELLENT CHARGE LOADING 


The small plant for propellent charge loading which 
existed prior to July 1, 1919, has been considerably en- 
larged and at the present time is capable of turning out 
1,000 8-inch howitzer charges or equal, 500 155-mm. gun 
charges or equal, and 100 12-inch gun charges or equal per 
eight-hour day. This plant is equipped to manufacture the 
powder bags and load the black powder igniters for the 
above charges. 


In some of the larger guns, it has been necessary to 


stack the powder grains end on end in order to get suf- 
ficient powder into the chamber of the gun to give the 
required velocity. This method increases considerably the 


Machinery has been installed to do 


density of loading. 
this stacking work. 

Cartridge cloth, which is made of silk, is diffieult to 
obtain in case of an emergency. Silk not being available 
in this country in sufficient quantity has to be imported 
and is, therefore, placed in what is called the strategie class. 
Efforts are, therefore, being made to develop some sub- 
stitute. It has been fairly well established that in order to 
avoid disastrous premature flashes in loading guns, the 
cartridge bag must be made of an animal fiber. An animal 
liber material will not smolder after the main discharge 
or the gun, and, therefore, no burning particles remain 
lodged in the bore or chamber of the gun, with the like 
lihood of setting fire to the next charge inserted. During 
the last war, wool and mohair were used in considerable 
quantities as substitutes. The DuPont Company also de- 
veloped a container known as nitrotite which proved to be 
fairly satisfactory and 50,000 charges put up in these 
containers were ordered overseas to test out at the front. 
They were made of a material which was waterproof and 
also had the advantage that the container itself tended 
to replace a certain amount of smokeless powder and was 
entirely consumed within the gun. It is believed that 
had the war continued nitrotite would have proven to be 


a real substitute for silk. 
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Testing Cartridge Storage Cases for Air-Tightness, 
Picatinny Arsenal Loading Plant. 


Considerable effort has been made to develop a cotton 
cloth suitable for bag manufacture. It is possible that 
this may be accomplished, especially for  propellent 


charges where the ratio of powder to cloth is very great. 
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AMATOL AND TNT LoapinG 

The 1919 plan for the development of Picatinny Arsenal 
covered the erection of facilities for the loading and as- 
sembling of mobile artillery complete rounds with either 
amatol or TNT as the shell filler. Sufficient equipment 
was secured and installed for the loading of 5,000 rounds 
of 75-mm. (or equal) ammunition per eight hours by 
either method. Shortly after this plant was erected, 
however, it was decided that the supply of toluol in the 
case of another war would be sufficient to take eare of 
our entire needs for shell-loading work. It was then 
decided that the amatol equipment which had been in- 
stalled would be removed from the plant. This deeision 
was partly brought about by the faet that some of the 
shells filled with amatol, 
which had been loaded dur- 
ing the war, were showing 
certain defects and it was 
felt that this substitute ex- 
plosive should not be used 
unless absolutely necessary. 
Since that time it has be- 
come quite apparent that 
experimental work, at least, 
must be done with sub- 
stitute explosives and 
amatol being the best avail- 
able at this time, it has 
again been decided to make 
a small installation for the 
loading of — shells — with 
amatol, 

As siated above the plani 
was laid out with a capa- 
city for loading 5,000 
75-mm. sheils but the faet 
was also kept in mind that 
as Picatinny was to be the 
only ammunition arsenal of 
this tvpe, it would be called 
upon to load all kinds 
of projectiles up to and in- 
eluding 12-inch, and also 
bombs and trench warfare ammunition. An analysis of 
past work shows that the majority of orders which hav 
been handled were for large capacity bombs. The only 
4,000-pound bombs ever loaded in this country have been 
loaded in this plant. As a matter of interest, these bombs 
with fins or stabilizers attached are about 3 feet in diameter 
and 14 feet in height. It can be seen from this the dif 
ficulty which would have been encountered had not this 
matter been considered in the original designs of the plant. 

TNT is used as the major portion of the explosives in 
loading ammunition. The melting point of TNT is ap 
proximately 80° CC. Its liquifieation is easily accomplished 
in steam jacketed kettles using steam at 5-pound pressure 
as a heating medium. This permits the loading of TNT 
by the cast method, thereby obtaining a density higher than 
ean be easily realized from a pressing method. The main 
difficulty experienced in casting TNT is the formation of 
pipes and blow holes in the east, these defects being caused 


by the contraction of the TNT in solidification. In ordei 





Bag Wrapping Machine for Tightening and Stiffening Pro- 
pellant Powder Charges—‘By the use of this machine, 
production per operator was increased about 8 times.” 


to minimize as much as possible the formation of cavities, 
castings are made in several pours and the crust which 
forms over the top of the cooling cast 1s broken down at 
frequent intervals. By the use of the casting method it is 
easy to fill any shape of container. The TNT is poured 
at a temperature just slightly above its setting point so as 
to reduce the contrection to a minimum and also to obtain 
smaller erystals in the charge and thus a higher density. 
In order to prevent cavitation in the shell a “riser,” or 
funnel, is placed upon the top of the shell before the last 
pour of the TNT is made. More TNT than is required to 
fill the shell is then poured so that the upper liquid line 
in the pouring funnel is several inches above the projectile. 
After solidification of the TNT the funnel containing the 
majority of the cavitation 
is broken off from the shell. 
The fuze eavity is then 
drilled and the threads 
cleaned for the insertion of 
the booster. 

It has been customary to 
pre-heat projectiles before 
loading with TNT but re- 
cent experiments have 
shown that the cooler the 
projectiles the higher the 
density of the cast yt by 
and it is possible, there 
fore, that this pre-heating 
may ultimately be diseon- 
tinued. If so done it will 
be necessary, however, to 
have the shell storage 
buildings and the pouring 
rooms at a uniform tem 
perature mn order to avoid 
condensation within — the 
shell. 

One of the greatest haz- 
ards in loading of ammuni- 
tion is in the drilling of the 
houster cavity. It may be 
possible to do away with 
this drilling by the use of a former through which the last 
charge can be poured. Experiments are being made on 
this basis and indications are that it will work out satis- 
factorily. Considerable experimental work has been done 
in the loading of TNT, and it is believed that the present 
practice ean be changed to advantage in several cases. 
For instance, it is believed that a good portion of the load 
ing and assembling of small caliber ammunition ean be done 
by the use of automatic or semi-automatic machinery. 
Progress has been made in the development of loading 
bombs and larger shells by the use of the “pellet” method. 
In this method a certain amount of liquid TNT is placed 
within the shell and east pellets of TNT are then dropped 
into this liquid and tamped until the liquid has taken up 
all the pellets possible and has solidified. The 2,000-pound 
bomb which by the casting method takes 48 hours to load 
can be loaded in about 3 hours by the pellet method. It 
is believed that these pellets can be manufactured at the 


TNT manufacturing plant and shipped to the loading 
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plants ready for dropping into the bomb. This method 
has in its favor not only the speed of produetion but also 
the facet that a considerably lesser capital investment will 
be needed for the erection of loading plants due to the fact 
that large floor spaces will not be necessary tor cooling 
rooms. At the present time it is not believed that any real 
economy in loading will be affected by pellet loading, due 
to an inereased labor cost, but it is believed that the speed 
element alone warrants considerable effort in developing 
this method. The only obstacle in the way of this develop 
ment at present seems to be in the securing of pellets of a 


TNT ean be readily cast into layers ap- 


uniform size. 
proximately %-ineh thick without cavitation but so far no 
method has been developed whereby TNT sO Cast ¢an he 
readily broken up into pellets of uniform size. 

The carton method of loading also presents some pos- 
sibilities. This method was used during the past war by 


the Germans. Cartons of paper or light metal made of 
the proper shape to fit into the various shells or bombs are 
loaded with explosives at the loading plants, shipped to a 
central assembling plant and there placed in the proper 
shells or This 


saving in the cost and difliculiy of transportation of heavy 


bombs. method has in its favor a great 


metal shells and bombs to the loading plants. 


Fuze, Booster AND PRIMER PLANT 


In view of the fact that the entire loading plant at this 
arsenal was designed, keeping in mind a production of 
5,000 rounds S-hour day, it was 
necessary to install production facilities for the loading of 


The most im- 


75-mm. complete per 
an equal number of the main components. 
portant change which has been made in standard practice 
of loading these components is that of making practically 
all of the explosive components into pellet form, inserting 
these pellets into the cavities and then consolidating them 
rather than pressing loose explosives. 

Fuzes present the most difficult probiem in the 
Extreme 


loading 


plant, especially the assembly operations. care 


is necessary to assemble the surprisingly large number ot 


‘ 


parts (in some fuzes as many as 50) in a manner such 
that the fuze will work suecessfuily. It is remarkable how 
often apparently unimportant things wiil cause fuzes to 
fail. 


very hazardous and the operators must, therefore, be eare- 


There are also many assembly operations that are 


fully trained. Parts may also be inserted in the assembly 
incorrectly which will cause the fuze to be unsafe. 
plant, training of em 


Careful preliminary layout of 


ployees and continuous inspection are necessary. Since 
the fuze is the “brains” of a complete round no expense 
should be spared in producing a perfect mechanism. As 
a general rule the cost of a fuze is a comparatively small 
pereentage of the total cost of a complete round of am- 


munition. It is not economy then to sacrifice anything 
in quality for quantity produetion, as the failure of a fuze 
to function means not only the loss in money of the ex 
pensive complete round but also the firing with absolutely 
no effect on the enemy after great effort has been ex 
pended in production and transportation, und also the ex 


posing to no avail of our troops to enemy fire. 


CONCLUSION 
The loading problem is diffieult for one not only has 
to deal with his own shortcomings, but also the errors and 
oversights of others. The loading plant must get ammuni 
lion LO pass hallistie tests, vet a great many rejections are 
directly traceable to poorly designed or manufactured 
metal parts, mechanical failures, or impertect components 
which have been overlooked by inspectors in the rush of 
a great production. 
complete production 
Arsenal. These 


records include all plant equipment and methods, cost ree 


Etforis are bene made to prepare 


records on all work handled at Pieatinny 


ords, difficulties encountered and their corrective measures. 


Kiforts are also being made to standardize wherever pos 


sible. It is beheved that these reeords will prove ot vreat 
value in case of an emergency, as they will be available 


for contractors as standard practice to be followed in the 


loading and assembling of ammunition. 


Col. Frank A. Scott, Ord. Res., Chief, Cleveland Ordnance District, Honored 


C OL. FRANK A. SCOTT, Ord. Res., a Director of the 
Army Ordnance Association and Chief of the Cleve- 
Western 


University June 16, 1926, when he was the recipient of the 


land Ordnance District, was honored by Reserve 
honorary degree of Doctor of Laws. 

Colonel Scott is one of the foremost industrial prepared- 
ness advocates of America, having served as first chairman 
of the War Industries Board, 1917. 
Hon. Newton D. 


He was presented for 


the degree by Baker, former Seeretary 


of War. 


Robert E. Vinson, Presi- 


dent of the University, said, “Frank Augustus Seott, for 


In conterring the degree, Dr. 


life-long pursuit of culture, for the application of the 


powers of a constructive mind to problems municipal, state, 


and national, and for the benefits seeured through your 


unselfish publie service, upon recommendation of the Fae- 
ultv and by the authority of the Board of Trustees, I con- 


fer upon vou the degree of Doctor of Laws and present 


vou to oncoming generations of students as an example 


worthy of emulation.” 








Tr 


i 








ligh Explosives 


C. J. Bain 


in ammunition is brought about in 


MPROVEMENT 


the same manner as improvement in articles of trade, 


| 


themselves 


namely, through correcting the defects which make 
While this 
practice can be applied readily to what may be called com- 
ot 


tew 


apparent after extended service. 
mercial articles, it is not entirely feasible in the case 
It that 


hundred rounds will give fairly accurate data 


on a 


to 


is true tests earried out 


ammunition. 
the 


merits of a given component, yet the final decision eannot 


be made until thousands of rounds have been subjected to 
test. Thus from the results of taking stock of the ammu- 
nition situation after the World War, it was seen-that 


improvement ol various components ot the complete round 
was of prime importance. Again, the continued storage 
of millions of rounds of ammunition for a period of nine 
vears has brought to light additional defeets which should 
be eliminated in future production, 

Investigations into the malfunctioning of ammunition in 
service, and deterioration during storage, have shown that 
the high explosives used in this ammunition should be ered- 
ited with a portion of the imperfections and, therefore, 
their improvement becomes imperative. Upon high explos- 
ives is placed the responsibility for destruction of the ob- 
jeetive when the missile hits its mark. If this does not take 
place, expenditure of the entire round has been of no avail. 
There still 
with shell fillers than with other components, namely, the 


another requirement which is more eritical 


Is 


ability to withstand long periods of storage without de- 


terioration. The advisability of this statement can best 
he realized by visualizing the replacements of deteriorated 
or defective components. New fuzes and propelling charges 
of the 


charge 


can be supplied without any other cost than that 
but the ot 
from shell or bomb involves a hazard which is to be avoided 


new components, removal the bursting 


where possible. Thus, improvement in ammunition necessi- 
tates the proper selection and use of high explosives, qual- 
ot that 
vears The production of high explosives of 


is such they will function even after 


which 
ot 
quality requires that the process of manufacture be de- 


itv 


storage. 


veloped to a point where this desired quality is assured, in 
which work Picatinny Arsenal is actively engaged. 

At this point, it might be well to briefly outline some 
of the deficiencies encountered in the high explosives used 
the World War better 


standing of the present need for development work 


under- 
The 


principal high explosives used during the war were TNT, 


during and thus obtain a 


80-20 amatol and 50-50 amatol for field artillery shell and 
hombs, explosive D for armor-piercing shell, nitrostarch ex 
plosives for trench mortars and grenades, TNT and tetryl 
All 


of these were manufactured under the stress of production 


for boosters, and mereury fulminate for detonators. 


where quantity rather than quality was the determining 


factor. In other words, their quality was no higher than 


49 


that required to assure a relatively high percentage ot 


functioning after a limited period of storage. Being man 
ufactured for immediate consumption, little, if any, con 
sideration of their storage life was warranted. However, 
large quantities of this ammunition have been placed in 
storage for use as War Reserve and for training purposes, 
thus providing an excellent opportunity to study the be 
havior of ammunition in storage and its performance after 
protracted storage. In a comparatively short time prema 
tures occurred when firing shell loaded with 80-20 amatol. 
This was followed by deterioration in the form of exuda 
50-50 


tion of oily produets in shell loaded with amatol 


and with TNT. Both of these have been extensively in 
vestigated to determine the cause and thereby provide 
against future troubles of that nature. Malfunetioning 


was also noted with boosters loaded with TNT and tetryl. 
The use of TNT as a booster explosive during the war was 
occasioned by the lack of an adequate supply of tetryl, this 
deficiency being largely due to unfamiliarity with the pro- 
ot 
ot tetrvl are superior to TNT, its use as a booster explos 


cess its manufacture. As the explosive characteristies 
ive was highly desirable, hence a clear understanding of 
the process of manufacture was essential. _The remaining 
service explosives, explosive D and mereury fulminate are 
the only two high explosives which have given little, if any, 
evidences of deterioration or malfunctioning. 

As ammunition allocated to the War Reserve is depleted 
through deterioration or expenditure, it becomes necessary 
to provide replacements. It would be decidedly bad prac- 
tice to replace with the same grade of material which has 
proven itself to be defective. Now the only way by which 
the quality of an explosive ean be raised, is to become so 
that all 
which contribute to its quality are known and understood. 


de 


familiar with its manufacturing process factors 
It is this objeetive which controls the high explosive 
velopment at Pieatinny Arsenal. 

There is still another consideration to be riven to the 
high explosive situation. The supply of raw materials for 
the standard explosives may be adequate during peace time 
while under war conditions their procurement might be en 
tirely eut off or seriously eurtailed. Therefore, it is essen 
tial that ample provision be made for the manufacture 
This situation is also 


at Piea 


and use of substitute high explosives. 
realized in the development of high explosives 


Arsenal. 


Sound plans of development can be drawn up, but with 


tinny 


out proper facilities for putting these plans into operation, 
Thus, appropriate build 
At 


cordingly in the years of 1920-21 there were erected nine 


very little will be accomplished. 


ings and equipment must be provided or developed. 


permanent buildings to be devoted entirely to the develop 
ment of processes for the manufacture of high explosives 


With the present equipment it is possible to study the 
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manufacture on a semi-works scale of a large variety of 
explosives. At the present time one building is assigned 
to each of the following processes:—the manufacture of 
raw materials such as dicyandiamid, guanidine 
nitrate, pentaerythrite, ete.; manufacture and 
purification of tetryl; manufacture and purifi- 
cation of TNT; purification and reworking of 
explosive D; drying of high explosives; grind- 
ing and sieving of high explosives; and purifi- 
these, 


cation of potasium chlorate. Besides 


there are provided ample storage tanks for raw materials, 
such as nitrating acids. An adequate control laboratory 


has also been furnished. 


“4 ’ ss Pe o> ats on 





TNT Purification Apparatus, Picatinny Arsenal. 


Interior, Raw Materials Building, Picatinny Arsenal. 


In choosing the installation for the various processes, it 
has been the aim to seleet wherever possible equipment 
which was considered standard and thus avoid the aeeumu- 
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High Explosives Control Laboratory, 
Picatinny Arsenal. 





lation of special apparatus. That flexibility of 
equipment has been obtained, ean best be judged 
by a brief summary of the following processes 
which have been developed during the past few 


years, 





l. Purification of Potassium Chlorate. 
As a result of the investigation into the eause of failure 
that the 
A method 


of purification that insures the absenee of bromates has 


of primers during the war, it was concluded 


potassium chlorate should contain no bromate. 


been tested on a plant seale and several thousand pounds 
manufactured which met the revised specification in every 


respect. 


2. Reworking Scrap Explosive D (Ammonium Picrate). 

In loading armor-piereing shell with explosive D a con- 
siderable amount of serap is produced which is more or 
Also a 


explosive D manufactured 


“oreign material. fairly 


lots of 


less contaminated with 


large number of the 
during the war were found to contain an amount of free 
ammonia in excess of that allowed by specifications. In 
order to save both elasses of material from the burning 
grounds, a method has been developed for the recovery 
of this material whereby approximately 500,000 pounds 
of explosive D have been converted into material meeting 


the present rigid specification. 


3. Manufacture of dicyandiamid, guanidine nitrate and 
nitroguanidine, 

These materials have shown sufficient promise as ingredi- 
ents of high explosive charges or of propellent powders to 
warrant a study of their manufacture. The processes have 
heen brought up to a point where it can be definitely stated 
that they ean be applied to large seale produetion with 


every assurance of practicability. 


4. Pentaerythrite Tetranitrate (PETN) 
Primers containing suitable proportions of PETN have 
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demonstrated their ability to bring about ignition of im- rated linseed oil, mononitroxylene, dinitroxylene, and 





proved propellent powders which were not readily ignited guanidine pierate. 
by the service primer. The method for its production was We now come to a consideration of the future. It is 
quite true that considerable has been 


accomplished in the improvement of 

















high explosives, but the major portion 
of the development lies in the future 
as indicated in the following disecus- 
sion of high explosive problems. 

l. Initiating Explosives. 


Mereury fulminate has long led the 





field as an explosive for use in detona- 


Acid S‘orage Building, High Explosive 
Area, Picatinny Arsenal. 


developed in the chemical laboratory and 
afterwards transferred to the semi-works 
plant. This material has been made in 
lots of 80 to 100 pounds and production 
ean be said to have been fairly well es- 
tablished. It is believed that this repre- 
sents a much larger production than has 
been attempted at any other place in the 


wi rd. 


5. Manufacture and Purification of 
Tetryl. 

The explosive characteristics of tetry] 
allowed it to be classified as the ideal 
booster explosive. Its manufacture dur- Raw Materials Building, High Explosive Area, Picatinny Arseaal. 
ing the war was considerably curtailed on 
account of meager manufacturing data whieh resulted in a tors, and there are very few cases of proven malfunctioning 


product of none too good quality. The manufacturing on reeord. Yet it is well known that there are at least two 
procedure has been stud- faetors which must be 
ied from all angles until guarded against if deterio- 
at the present time the ration is to be avoided, 


semi-works plant is pro- namely, heat and moisture. 


dueing tetryl which can be The first may be eneoun- 
labeled as_ practically “4s tered at any time during 
chemieaily pure.* | 

The foregoing are the 
major items on which de- 
velopment on a semi- 
works seale has been con- 
centrated. However, nu- 
merous other high explos- 
ives have been studied and 
their method of manufae- 
ture developed to a point 
where large seale produe- 
tion is possible, namely, 
trinitronaphthalene, tetra- 
nitronaphthalene, eyelon- 
ite, nitrated eastor oil, nit- 

*Tetryl: Development of 
a manufacturing process at , ; 
Picatinny Arsenal.—c. J. tong . . s ’ ae RE 
Bain, Army Ordnance, Vol. 
VI, No. 36, page 435. 
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Explosive D Purification Building, Picatinny Arsenal, 
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storage, especially in hot climates, while special loading 
precautions are required to overcome the latter. For these 
reasons, plans for the improvement of high explosives 
must inelude programs for the development of an initiat- 
ing explosive which is not so susceptible to the influence 


of heat and moisture as mereury fulminate. 


2. Booster Explosives. 


Even though the quality of the tetry! produced under 
present practice is all that can be desired, there are further 
refinements in the process worthy of consideration before 
the word “completed” can be written. In a model explos- 
ive plant, no portion of the spent acids are lost, but are 
separated by some means from the explosive and recovered 
by denitration or by returning them to the system. It is 
to this end that the future work on tetryl will be carried 
out. Having arrived at the desired quality, attention will 
now be foeused on reducing the cost of the product by 
means of recovery of the spent acids. Sufficiently favor- 
able results have been obtained in the laboratory to war- 
rant a trial of spent acid recovery on a semi-works scale. 
Should this prove suecessful the next step will be the de- 
nitration of the spent acid and the utilization of the pro- 
duets of denitration in the production of additional tetryl. 

Even though the major portion of the booster explosive 
development has been confined to tetryl, the other side of 
the question has not been lost sight of, namely, the dis- 
covery of a substitute for tetryl. A study of high explos- 
ives indieates that there are three other explosives which 
are deserving of a thorough trial; eyelonite, picrie acid and 
tetranitroaniline. Sufficient of these materials are on hand 
to carry out the necessary tests, and until such tests have 
heen completed, any investigation into the method of manu- 
facture would not seem justified, for booster explosives 
as well as all other high explosives, must justify by their 
performance any development of their methods of manu- 
facture. 

3. Bursting Charges. 


For many years TNT has been considered the most sat- 
isfactory bursting charge. It has all the characteristics 
desired in a filler for high explosive shell or. bomb, and 
for some time no serious consideration was given to its 


improvement. Then reports of exudation started to come 


in until at the present time this defect of TNT has as- 
sumed considerable importance. The seriousness of the sit- 
uation is fully appreciated and studies are being made with 
a view to overcoming this disadvantage. As soon as labor- 
atory work has been completed, it is planned to start semi- 
works development on methods of manufacture and purifi- 
cation in an endeavor to produce a TNT which ean be 
counted upon to withstand storage without exuding. If 
this experimental work is suecessful, the problem of a high 
explosive charge for field shell and bombs will be solved for 
peace-time loading only. 

In the event of war, it cannot be expected that there will 
be a sufficient supply of toluene to meet the needs of all 
branches of the service. Thus substitutes for TNT must 
be developed and thoroughly tried out during peace time 
so that there may be no hesitancy in their use during an 
emergency. Therefore, the development plans inelude in- 
vestigations into the possibilities of various explosives. The 
ones of immediate concern are amatol, TNX, pierie acid 
and dinitrophenol. The first two named as used during ihe 
late war will still necessitate a demand upon TNT, and will, 
therefore, be only a step in the right direction. Investiga- 
tion of a high explosive which will totally replace TNT, 
and which can be easily loaded, is warranted, and for this 
reason picrie acid-dinitrophenol is being considered. 

Various other explosives are also worthy of trial, but it 
is only through concentrated effort on a few at a time that 
progress can be expected. If any or all of the high ex- 
plosives mentioned fail to meet the requirements, then and 
only then will investigation of other explosives be justified. 

As development of ammunition proceeds, the demand 
for new equipment goes hand in hand. It is the aim to 
purchase and install such new equipment as the status of 
development indicates, thus preventing as much as possible 
any scrapping material. By a close adherence to a poliey 
of this nature the equipment of the semi-works plant will 
proceed slowly but effectively until within a few years there 
should be located at Picatinny Arsenal, the largest and best 
equipped semi-works development plant of its kind in ex- 
istence. Modern equipment, ideal surroundings and hearty 
cooperation are three important factors in determining the 
quality of work produced. Thus the future development 


of high explosives at Picatinny Arsenal can be viewed with 


a good deal of confidence. 
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The Relation of Picatinny Arsenal 


to Field Service 
Fred Olsen 


HE resemblance between cantaloupes and ammuni- 

tion is not so remote as might appear on the surface. 

The cantaloupe is used only onee, and so is a round 
of ammunition. You ean tell just as much about the 
chances of a satisfactory result by looking at the round 
as you can by looking at the rind. The problems of trans- 
portation, storage, and distribution are quite similar for 
both commodities, the main thing being to furnish the 
article to the consumer in a satisfactory condition at the 
right time and place. The analogy ean not, however, be 
pursued too minutely, since for example the responsi- 
bility for their design rests with two entirely different 
establishments, Picatinny Arsenal being charged with the 
design of the ammunition. However, just as the fruit 
dealer can contribute to the improvement of cantalornes 
by accepting and distributing only the very best grade of 
fruit, so can the Ordnance Field Service affeet the design 
of ammunition by its constructive criticism of the quality 
of the ammunition entrusted to its eare. 

It is hoped to show in this article wherein Field Service 
can and does contribute to the improvement in design by 
furnishing data regarding the good or bad behavior of 
ammunition during transportation, storage, and expendi- 
ture. The ammunition designer is very much dependent 
upon Field Service for information regarding those feat- 
ures which must be incorporated into the design of a round 
of ammunition to ensure that it will funetion after pro- 
tracted storage, and that it will be convenient and safe to 
handle, store, and issue. The combined efforts of the me- 
chanical engineer and the explosive engineer may be relied 
upon to produce a round or a component which will fune- 
tion satisfactorily when tested immediately after manu- 
facture, but it is only from Field Service that informa- 
tion can be obtained as to how this ammunition behaves in 
storage or how it functions after long periods of storage, 
and without these data, improvement in ammunition will be 
seriously hampered. 

The direct responsibility of Pieatinny Arsenal, acting 
under the authority of the Manufaciuring Service of the 
Ordnance Department, lies mainly with the development 
and manufacture of ammunition. When a round has been 
manufactured and accepted it is turned over to the custody 
of Field Service, which is then responsible for its storage 
and distribution or disposal. Nevertheless, Picatinny 
Arsenal endeavors to maintain contact with the ammuni- 
tion throughout its life, in order to serve in a consulting 
capacity to the Field Service by furnishing technical in- 
formation regarding the ammunition, especially when any 
anomalous condition is encountered, and, at the same time, 


to study its behavior in service. This contact is effected 


through the military personnel of Field Service, the Am- 
munition Foremen and the Surveillance Inspectors. 

The Ammunition Foremen have received their technical 
training at Pieatinny Arsenal and are continuously in 
touch with conditions in the field, and they are, therefore, 
in a favorable position to impart to the Arsenal that in- 
formation regarding the behavior of ammunition in ser 
vice, which will assist in the correction of design, or in 
the reconditioning of defective components. 

Through the medium of the Surveillance Inspector the 
conditions of ammunition and especially the stability of 
powder in actual storage are being ascertained. 

Since Pieatinny Arsenal is responsible for the develop- 
ment and manufacture of ammunition its contribution to 
Field Service is therefore the very essential one of pro 
viding a round which will function satisfactorily after stor- 
age. This is by no means the same as providing a round 
for immediate use; in fact, there is a growing recognition 
of the necessity for two kinds of ammunition, one for use 
in an emergency, the other for war reserve. In the design 
of the latter there is involved the consideration of many 
features which do not contribute directly to the function- 
ing of the round, but are rather for the purpose of com- 
bating the ravages of time and weather. Such features 
are metal plating to avoid corrosion and rusting, water- 
proofing, high purity and stability of the explosive ele- 
ments, appropriate marking to aid in identification, all 
of which eontribute to lighten the burden of the Field 
Service by providing ammunition which requires less close 
surveillance and less renovation, and ean be handled with 
less confusion. In this last connection the present policy 
of providing fixed ammunition in the form of completely 
assembled rounds, where possible, is of distinet benefit. 
Previously the medium ealiber base-fuzed projectile was 
shipped as an item distinet from the cartridge case, the 
fuze, and the base cover and caulking wire, and the assem- 
bly had to be made at the battery. Also the fins, boosters, 
fuzes, and primer detonators were formerly packed sepa- 
rately from the bombs in which they were to be used. 
The practice of shipping completely assembled rounds has 
benefited Field Service by decreasing the amount of book- 
keeping, and by avoiding confusion at the time of trans 
portation and issue. 

Numerous features have also been incorporated into the 
design to insure safety and convenience in handling and 
shipping. The construction of the components must be 
sturdy, and appropriate packing boxes must be provided. 
For example, the packing boxes must be clearly marked to 
show the nature of the contents, and must be capable when 


loaded of being conveniently handled by not more than 


~ 
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Temperature Control System for Surveillance Chambers at Picatinny Arsenal. 
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Apparatus for High Temperature Stability Tests on Propellant Powders and High Explosives at Picatinny Arsenal. 
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two men. Usually the design is such as to permit stack- 


ing in magazines or insertion into the compartments of 


regulation ammunition wagons. Special tests have been 
developed to determine the ability of the round and its 
components to withstand rough handling, such as the jolt 
and jumble test for componetts and the tumbling barrel 
test for packing boxes. The jolt and jumble test has been 
described by Mr. H. 
M. Brayton in his 
article on Fuzes in 
the current issue of 
this journal. The 
tumbling barrel test 
consists in subjeet- 
ing the box contain- 
ing inert loaded 
rounds to a tumbling 
action in a specially 
designed large barre] 
provided with vari- 
ous baffles and obsta- 
eles, which gives the 
box a very severe 
buffeting. 

In connection with 
the storage of am- 
munition an elabor- 
ate system of sur- 


veillanee testing has 2 _ 


been devised, which Equipment for Static Fragmentation Tests of Ammunition at 
Picatinny Arsenal. der, whereas the 


comprises field tests 
on the material in storage at the depots or posts and con- 
trol tests on master samples of certain components at Piea- 
tinny Arsenal. 

Most of the high explosives employed for military pur 
poses are inherently of good chemical stability. It is ex- 
tremely improbable that even the poorest sample of the 
lowest grade of TNT will show any signs of chemical de- 
composition whereby it loses part of its nitrogen, carbon, 
etc., during the next hundred vears. However, a condition 
of serious deterioration of certain TNT and amatol charges 
has been observed, this change being attributable to a 
physical segregation of impurities, which were present 
originally in the charge, and which have migrated during 
several years of warm storage to the booster cavity or to 
other parts of the charge as an oil. In many instances 
this migration has been sufficient to cause exudation of 
the oil from the shell. Pieatinny Arsenal studied the na- 
ture and cause of this exudation. and has shown that there 
is no peculiarly hazardous condition attending the hand- 
ling and storage of shell showing exudation, but that the 
shell is unfit for issue. Work is now under way to show 
what is the best method of renovation of the shell, and 
also to determine how this exudation may be avoided in 
future ammunition. 

On account of the instability of nitrocellulose powders, 
much closer surveillance is required. Although their average 
life is fifteen vears, some service lots have decomposed so 
much in six vears that they have had to be destroyed. In 
some cases powders have been found to deteriorate so 


rapidly after a certain critical point in their life has been 





reached that especial care must be taken not to miss the 
first indieations of instabilitv. The most thorough system 
of testing, therefore, is employed in the continuous sur- 
veillanee of propellants. 

When a lot of smokeless powder is manufactured, a rep- 
resentative sample is selected which is held at Picatinny 
Arsenal as a master sample of the lot. Portions of this 
sample are subjected 
semi-annually to two 
tests: (1) The 135°C 
Methyl Violet Test; 
and (2) The 65.5°C 
Surveillance Test. 

Field Service sub 
jects the powders in 
storage to the same 
tests and, in addi- 
tion, employs an ob 
servation test upon 
samples in the mag- 
azines. 

The master samples 
are kept under prae- 
tically ideal storage 
conditions, so that 
the surveillance tests 
really enable Piea- 
tinny Arsenal to de- 
termine the inherent 
stability of the pow- 


Miel.l Service tests are influenced by those changes which 
have taken place in the powder due to actual field condi- 
tions of storage. If the stability of the master sample at 
Pieatinny Arsenal is bad, it is certain that the same lot 
in storage at some depot can not be stable, and reeom- 
mendation is made to Field Service that closer surveil- 
lance is necessary, if the lot is of not too greatly impaired 
stability, or that immediate destruction of the lot should 
be carried out, if such is warranted. 

If, however, field tests show that the samples tested are 
unstable, while the master samples at Picatinny Arsenal 
continue to show satisfactory stability, attention is then 
focused upon the conditions of storage which have influ- 
enced adversely the stability of the powder. 

Contrary to a prevalent opinion, powder of quite low 
chemical stability is usually not ballistically unsafe. As a 
matter of faet, powder which fails to pass the surveillance 
test has probably decomposed io a point where part of its 
nitrogen has disappeared and the explosive characteristics 
have been diminished. Thus, such a powder will give low 
rather than high pressures, with correspondingly lower 
muzzle velocities. Powder which may be dangerous to 
shoot is unfortunately not detectable by stability tests, but 
can only be recognized by a difficult chemical test to de 
termine its total volatile content or by microscopic exami 
nation. If the powder has been stored in leaky containers 
in a dry atmosphere, the escape of volatile material may 
have so increased the rate of burning of the powder, its 
temperature of combustion, or in other words its potential, 


that excessive pressure may be encountered. Any marked 
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degree of brittleness, which may have been developed in 
the powder due to an extreme loss of solvent, will tend to 
accentuate the rate of burning, and therefore, the develop- 
ment of excess pressures. At the present time not very 
much ean be done to forewarn the using service of a grow- 
ing tendeney on the part of a particular powder to yield 
high pressures. It is only when such pressures are encoun- 
tered in aetual firing that Picatinny Arsenal ean be ealled 
upon to investigate the cause of the abnormal behavior. 
When powder of good stability is found to have a low vola- 
tile content the recommendation is usually made to “re- 
proot” the powder, or to withdraw it from service. 
Prevention of loss of volatiles is, therefore, of extreme 
importance, and after the acceptance of a lot of satisfae- 
tory stability the operation of all subsequent preventative 
measures lies with the Field Service. The most important 
of these is the maintenance of an air tight condition of the 
powder containers. With the present type of nitrocellulose 
service powder exposure to warm humid atmosphere is more 
provocative of deterioration than any other factor, and the 
importance of air tightness of powder containers can not be 
that tests 


determine whether or not containers are leaky are of much 


over-emphasized. It is believed varried out to 


evreater significance than those which determine the sta- 
bility of the powder within those containers. It is not a 
little disconcerting to realize that tests have indicated that 
a probable minimum of 30 per cent and even up to 50 
per cent of the bulk powder boxes are leaky. The seams 
in the zine liners of the boxes open up during transporta- 
tion and the gaskets shrink and craek as the rubber ages. 
Nor is there an easy or immediate remedy since. the con- 
struction of the boxes does not lend itself to testing in 
the storage depots. Deterioration of smokeless powder stored 
in leaky containers is being studied as part of a very 
elaborate program, involving the storage of several thous- 
and pounds of carefully prepared samples at Charleston 
Ordnanee Reserve Depot, Curtis Bay Ordnance Reserve 
Depot and Picatinny Arsenal. 

This test originated in the observations of surveillance 
inspectors at certain Ordnance Reserve Depots. These ob- 
servations had revealed the fact that some lots of cannon 
powder did not have uniform stability, and that varying 
degrees of stability could be associated with variations 
in the color of the grains. It was found that yellow or 
orange spots occurred in certain grains and that these spots 
were friable, of low nitrogen content, and of high acidity, 
and when single grains were ignited in the open they 
The 


bility of these grains as judged by the 135°C heat test 


burned slowly, leaving a considerable residue. sta- 
was very bad, some samples exploding in the test in ten 
minutes, whereas other grains from the same box of pow- 
der, which showed no such discoloration, required the usual 
60 minutes or more for the discoloration of the test paper 
and gave no explosion in five hours. This discoloration 
has not been observed in any lots in storage at Picatinny 
Arsenal, but has occurred in southern depots, only how- 
ever in powder of war-time manufacture. The cause of 
the diseoloration has not yet been traceable to any definite 
eondition, such as the use of low grade cotton linters, im- 
purities in the solvents employed, the use of the water dry- 


ing process, ete. 


A point of vital interest is the danger involved in the 
storage of powder containing these deteriorated grains. 
Although none of the fires, which have occurred recently 
at Reserve Depots, has been traceable to lots of powder 
containing such grains, it is to be expected that danger 
of spontaneous ignition exists in all lots, which contain 
an appreciable amount of the bad grains, sinee tests have 
shown these to be extremely unstable. It is, however, quite 
significant that the very extensive fire at Old Hiekory in 
1924 had its origin in powder of small web stored in con- 
tainers which were known to be in a very leaky condition. 
It is also of importance to know whether these evidences 
of deterioration are increasing because of the development 
of discolored regions from inherent centers of instability, 


wv whether good grains are “infected” by the acid spots 


of bad grains in their vicinity. Accordingly the “bad” 
grains in a lot of powder at Charleston Ordnance Reserve 
Depot were carefully separated by hand picking and these 
bad grains were added in definite weights to “good” pow- 
der to give proportions of “bad” grains varying from 0.1 
per cent to 20 per cent. Part of these prepared samples 
were placed in air-tight powder boxes and part in similar 
boxes from which the rubber gasket had been removed, and 
in which definite exposure to the atmosphere is secured. 
These boxes were placed in widely separated, especially 
constructed, miniature wooden magazines, one box to a 
magazine, so that in the event of spontaneous ignition it 
can be definitely ascertained which sample is responsible 
for the fire. These samples are in storage at Charleston, 
Curtis Bay, and Pieatinny Arsenal, and will. be held until 
spontaneous destruction of the samples occurs. Periodical 
tests are being made to determine any inerease in the per- 
centage of deteriorated grains which occur in 


may pro- 


tracted storage. In the course of this study an effort 
will be made to develop improved stability or surveillance 
tests which will enable still closer predictions being made 
regarding the life of the powder. 

The question has often been raised that if such great 
care must be exercised in keeping service powder out of 
lie the advantage of 
Under-Water 


The advantages are probably two- 


contact with moisture, wherein can 


the much discussed scheme of the Storage 
of Smokeless Powder. 
fold. 


age, and does not reach temporary high values. 


The temperature is considerably lower on the aver- 
Also, what 
is possibly of greater importance, the heat, which is liber- 
ated during the decompostion of nitrocellulose, and which 
may cause loeal conditions of relatively high temperatures 
in ordinary storage, because of the poor conduetivity of 
the powder grain and the relatively well insulated con- 
(ditions in the powder box, is rapidly removed by the water 
in direet contact with the grain. If firing tests continue 
that 


Picatinny Arsenal gives satisfactory ballistie results, sev- 


to show powder now being stored under water at 
eral problems of Field Service will be considerably les 
sened. Hazards of storage will be practically eliminated, 
the policing of the area will be greatly simplified, and the 
material may be available for a much longer period. 
Another solution of the powder storage problem, upon 
which work is being strenuously pushed, is to provide the 


service with only non-hygroseopie powders, i. e., powders 


moist 


which are reasonably immune to the action of a 
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atmosphere. In this connection the results of tests now 


being obtained on a current program concerning the sta 


bility of the newly developed non hvgroseople powders are 


of great significance. It has been shown that the stability 
of propellants is proportional, other things being equal, 
to the deerease in their hygroscopicity. Powders which 


have been prepared in such a way as to reduce their hygro 


scOpicity have considerably outlived the present service 


powders, when stored in a saturated atmosphere at 65°C, 


Before leaving the problems of surveillance it should be 


pointed out that the care of other components is analogous 
in many ways to that of the powder. For example, semi 
annual inspection and tests are made upon the vest quan 
tities of silk eartridge cloth in sterage. 

In connection with the expenditure of ammunition Pica- 
tinny Arsenal is almost entirely on the receiving end with 
respect to technical information. It is from the military 
and civilian personnel of 
Field Service that the be- 
havior of ammunition in 
field tests or use is aseer- 
tained. As defeets in am- 
munition appear these are 
studied, and, where it can 
he accomplished, these are 
corrected in the existing 
ammunition, and where not, 
the endeavor is made to 
eliminate such defeets in 
future designs. Particular 
emphasis is, of course, paid 
to all eases where hazardous 
conditions are eneountered, 
such as in prematures, sinee 
it is usually by such inves- 
tigations that major modi- 
fications in design, nature 
of explosive components, or 
methods of loading, are 
made. Also where field use has shown certain ammunition 
to give consistent malfunctioning, or where unusual char- 
acteristics have been observed in. storage, representative 
rounds or components are usually forwarded to Pieatinny 
Arsenal, with a complete report of the attending c¢ireum- 
stanees. Facilities exist there for the disassembling, sec 
tioning, and detailed examination of the ammunition. The 
mechanical condition of the parts and the quality of the 
explosive elements are carefully determined, and usually 
static fragmentation tests are carried out to aseertain if 
the various parts of the explosive train are functioning 
satisfactorily. 

This work is quite similar to that of the general prac 
titioner who is studying continually the defects of the com 
plete round of humanity in his community. The same ail 
ments keep on coming to his attention so that In many 
cases it is relatively simple to preseribe remedial meas 
ures, and also in many cases to establish preventative 
methods for the avoidance of the malady. 

The ammunition diagnosticians and surgeons examine or 


operate on defective ammunition, observing, for example, 





A Box of Ammunition Broken in the Box Test. 
(Courtesy of Container Testing Laboratories, Inc., 
Rockway, N. J.) 


that where prematures occur with a certain type of ammu 
nition there is usually associated a faulty condition in the 
shell charge traceable to lnproper loading methods, or 
that when duds are encountered these are very frequently 
found in shell which have shown signs of exudation of 
TNT oil, or in whieh the booster charge was inadequate 
or insensitive. When the same kind of malfunctioning 
occurs quite frequently, it is very often possible to con 
clude from the nature of the malfunctioning and the known 
history of the lot of ammunition just where the examina 
tion should begin to find out what the causes were, with 
out subjecting the entire round to a detailed examination, 
Without investigations of defective ammunition, however, 
it is not to be expected that data would be forthcoming 
which would show the need for modifying the design of 
the components. How can the explosives chemist know 
how pure the TNT should be? His laboratory or field 
tests can indicate just 
how difficult it is to 
effect the detonation — of 
the various. grades of 
IN. But such tests do 
not contemplate the changed 
conditions, which are im- 
posed by the segregation of 
the impurities in the same 
erades of TNT, when east 
charges are allowed to re- 
main in warm storage for 
several years. The fuze and 
booster system which was 
designed for a given pro- 
jectile, and tested in that 
projectile freshly loaded 
with the preseribed bursting 
charge, may not have a 
great enough factor of effi 
clency to effect the de 
tonation ot the same 
bursting charge after this has remained in storage fot 
many years. 

In conelusion, it is desired to emphasize that it is only 
during the development stage in the life of ammunition 
that the engineer can incorporate the sum total of his ex 
perience into the design of the round. In this stage it is 
still an idea embodied or illustrated in metals and organie 
chemicals, and susceptible of modification as the mind of 
the designer desires. With manufacture, that which was 
mobile has become fixed, the round of ammunition is now 
inflexible, and Field Service becomes the guardian of its 
merits and its demerits. If the Field Serviee Officer, Am 
munition Foreman, or Surveillance Inspector will furnish 
the ammunition designer, through appropriate channels, the 
data which he colleets regarding the good and bad behavior 
of ammunition in transportation, storage, or actual use, he 
will aid materially in the improvement of ammunition. 
Mueh therefore depends on the completeness ol reports re 
ceived from the field as to whether or not future ammuni 
tion shall have incorporated in its design the fullest experi 


ence of Field Serviee. 








Class of 26, U. S. Military Academy, Visits 
Frankford Arsenal and Aberdeen 
Proving Ground 


Cadet William E. House, U. S. M. A., ‘26 


ACH spring for the 
3 past twenty - five 

vears the graduat- 
ing class of the Military 
Academy has been taken 
on an observation trip un- 
der the auspices of the De- 
partment of Ordnanee and 
Gunnery for the purpose 
ot inspecting eertain ord- 
The ob- 


ject is to teach something 





nanee activities. 


about the research and 





Cadet William E. House, 
U. S. M. A. by the Ordnance 





manufacturing carried on 
Depart- 
ment of the Army. This year the trip lasted from April 
24th to 28th, inelusive, during which time the class was at 
Frankford Arsenal and Aberdeen Proving Ground. 

For the last eight months we have been absorbing great 
quantities of the theory of ordnance. Many phases of the 
subject have seemed to us to be very abstract and not ex- 
tremely necessary as a part of the technical training of 
looked 
forward to the trip with a bit of suspicion, feeling that 
a few days listening to rabid 


the average line officer. So for many weeks we 


we were going to spend 
theorists expounding their dry and intricate doctrines. We 
understood that otherwise the journey would be very pleas- 
ant and entertaining, so we discounted the theorists before 
we met them in their native haunts. <A holiday always has 
great appeal for a eadet and attendant discomforts are 
made the best of and forgotten as soon as possible, leaving 


only the brighter spots to linger in the memory. 


Mueh to our great surprise, the theorists failed to ma 
terialize. In any event, they were so thoroughly disguised 


that we failed to recognize them. Instead we saw on every 
hand men who were apparently entirely practical and who 
were merely combining common sense with technical know! 
edge. We saw our old bugbear, Ballisties, treated with 
seeming contempt and forced to expose his secrets through 
understandable tools and 


the medium of tangible and 


equipment. Other equally respected “Unknowns” were 
found turning somersaults and “playing dead” at the com- 
mand of mere men. So we proceeded to lose much of our 
awe for theory, while our respect for practical methods in- 
creased immeasurably. 

The First 
proceeded by special train from West Point to Frankford 
Arsenal on Sunday, April 24th, arriving just before supper. 


The men on leave ¢came in during the evening, all being 


Class, less those on leave for the week-end, 


required to report by midnight. We were quartered in 
barracks and messed at a nearby Post Exchange cafeteria 

against which we shall most certainly enter no c¢om- 
plaints! 

Early Monday morning we lay abed listening to reveille 

a most unusual procedure for cadets—and shortly after 
appeared at our temporary mess clamoring for breakfast. 
After we had done our best to satisfy our miraculously 
grown appetites (they are never exceptionally small) the 
official day was begun by an address by Col. O. C. Horney, 
Ord. Dept., U. S. A., Commanding Officer of the Arsenal. 


Beginning with a most cordial weleome, he outlined our 


work for the day and gave us a brief resumé of the oper- 


ation of the arsenal. Then the class was divided into groups 
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Class of 1926. U. S. Military Academy, 


of tifteen and turned over to the men who were to act as 


our guides, 

it would require considerable space to give a very de- 
tailed account of our inspection of the shops, and perhaps 
such a narration of our day would not be. particularly in- 


teresting. So we will confine ourselves to a few passing 


remarks. One thing which stands out vividly in the writer's 


memory is the visit to the power plant. In the midst of 


an explanation of the feed-water system, we were told some 


of the most amazing fish stories possible. To fully appre- 


ciate these tales of how three-foot fish pass through screens 


and valves, not to mention pumps, one must hear them 


first hand. 

At each point in our tour we were given short lectures 
on just what was accomplished at that place. Or else 
the purposes of special instruments, such as sound ranging 
devices, for example, were shown together with explana- 
tions of the underlying principles. There was every op- 
portunity to gain useful as well as entertaining knowledge. 

Early Tuesday morning we entrained again and started 
for Aberdeen Proving Ground. Somewhere along the road 
we carelessly lost a “day-light” hour, so we arrived at our 
destination not very long atter we started. As soon as our 


bags had been left at the Guest House we were marche: 


to the Headquarters Building to begin the second phase 
of our trip. 

After a brief introduction by Major MaeFarland, Pro- 
fessor of Ordnance and Gunnery at the Military Academy, 


we were addressed by Col. C. M. Wesson, the Command- 


ing Officer of the Proving Ground. His welcome was every 


bit as cordial as Colonel Horney’s had been, and was 


followed by a talk on the work at Aberdeen and the things 


that we would be shown. 


Again we were divided into small groups and_ started 


on a schedule which ran like clockwork. 

In the instrument building we witnessed the operation of 
the Aberdeen chronograph and other instruments for col 
lecting data. At the museum we saw the different types 
of automotive equipment and artillery 


And so through the day, new wonders be- 


which have been 


collected there. 


ing discovered at every turn. One of the most interesting 


spots visited during the day was the main front, where 


Wwe saw several new types of artillery and small arms and 


Aberdeen Proving Ground, April, 1926. 


met for the first time the caliber .50 machine gun and the 


automatic 37-mm. gun. At this point, also, were several 
types of automotive matériel, from a Mark VIII tank to 
cross-country ears. We were allowed to ride in all of these 
and even to drive some of them, to our great delight. Many 
unexpected thrills were experienced but no easualties were 
suffered, fortunately. 

After a leisurely dinner at our quarters we returned to 
the main front just at dusk to witness night firing. Tracer 
bullets filled the air, mechanical time fuzes set off shrapnel 
at the proper instants, and flashless powder refused to flash. 
From now on we will believe anything. If we should be 
told of a new type of propelling charge which does not 
even require a gun to send a projectile fifty miles without 
flash, smoke, noise, or other disturbance, we will accept the 
statment without proof, feeling that the Ordnance De- 
partment can accomplish anything. 

After the firing we were met by a more familiar sort of 
The officers and ladies of the post had 


night problem. 


arranged a reception and hop for us at the Headquarters 
Building and, since it was what we eall a “feed hop,” even 
the most confirmed stags were happy. 

Wednesday morning we again became interested observ 
ers—this time at the plate range. Just to make the trip 
complete, the usual group picture was made of the class 
doing its best to hide the sixteen-inch barbette mount. 
formalities over, the firing proceeded, beginning with a 
mighty round from the fourteen-inch disappearing gun. 
Fortunately we did not all watch the same detail so that 
later discussion enabled us to gain complete pictures of 
An eight-inch howitzer on railway 


the guns in aetion. 


mount next barked for us and then we watched a three- 
inch antiaireraft gun trace its trajectory across the murky 
sky by means of shrapnel timed at varying intervals. 
At noon we boarded our special for the last tume and 
back to West 


usual informal and unofficial eritique was held, ending in 


began our lone ride Point. En route the 


learned a lot and had 


fact, the effect of the 


@ unanimous opinion that we had 
had a really wonderful time. In 
trip was so great that several prospective second lieuten 


ants have been heard to ask about ways and means of 


being detailed to the Ordnance Department—and no 


greater compliment could be given. 
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Picatinny Arsenal, 1880-1926 


WITH but forty-six years to its eredit, Picatinny is the 


youngest member of the family of manufacturing 
arsenals. But wars accelerate very greatly the develop- 
ment of all of the the Ordnance industry, 


and Picatinny is no exception to the rule. 


elements of 


The rapid rise in the relative importance of ammunition 
in the last two wars in which our nation has participated 
called for an ammunition establishment with facilities and 
personnel to cope with the multitude of problems related 
to the manufacture, storage and use of ammunition. 

Beginning as a powder storage depot, the Arsenal has 
been given additional ammunition responsibilities from 
time to time until it is now recognized as the headquarters 
of the Ordnance Department's organization to control the 
manufacture and care of all types of ammunition except 
the cartridges for small arms. 

The manufacturing capacity is limited when compared 
to the tremendous artillery ammunition and bomb require- 
ments in time of war, but in peace and during the early 
months of a war, Pieatinny produets appear as an appre- 
ciable portion of the total production. However, Piea- 
tinny’s principal product at any time is knowledge of the 
arts and sciences involved in the manufacture and technieal 
use of ammunition. The training of Regular and Reserve 
Officers and civilians to fill positions of responsibility in the 
organization of the Ordnance Department in both peace 
and war will call for considerable effort on the part of our 
ammunition arsenal. What task is more important than 
that of perpetuating the knowledge of the ammuntion in- 
dustry in this great nation? How well Pieatinny is pre- 
pared to fulfill this mission we leave to you to decide, and 
if your decision calls for constructive action on the part 
of anyone will you help the cause along by doing what you 
ean directly or indirectly to hasten the development of an 
ammunition arsenal fully equipped and manned which no 
one will ever “view with alarm,” but to which all “will 


point with pride.” 





Complete Rounds 
‘| HE round’s the thing,” 


but not more important quotation. 


to paraphrase a more classie 
It’s all very well 
to talk about fuzes and eartridge cases and primers and 
powder charges and the rest, but as in every other as- 
sembled unit ail parts of the complete round of ammuni- 
tion must be viewed in their relation to the whole. True 
enough the complete round depends for its ultimate per- 
fection upon the development and manufacture of the best 
components, but even these are “best” only in as far as 
their development affects the utility and perfection of the 


complete round. 


While giving a composite view of Pieatinny Arsenal and 
the important development and manufacturing activities 
conducted there, the articles in this issue of ARMY ORDN 
ANCE must bring one to an understanding of the necessity 
of thinking of ammunition in terms of the complete round. 
The watchmaker, concerned as he is with the quality of the 
escapement mechanism, or the number and kind of springs 
he has of must 


always look to the complete article, because it is just that 


on hand, and hundreds other factors, 


he will sell to the consumer. The manufacturer of auto- 


mobiles, interested as he is in carburetor, transmission, 
motor, ignition and every other individual component enter- 
ing into his vehicle, keeps ever before him the complete 
product because it is just that and the quality of it that 
makes its appeal and utility to the user. 

Now the complete round of ammunition differs little, if 


any, from these and similar products, and the sooner all 


ot us—in the service and out, manufacturer and engineer, 
industrialist and officer—think of ammunition in these 
terms so-much the sooner will a working understanding 


and a better realization of the importance of the subjeet 
be common to all of us. 
When ammunition is needed it is generally needed badly 
statistics have been quoted time and again to prove that 
this is In battle the battery commander cares little 
whether there are so many mark so and so shells without 


so. 


boosters and mark so and so projecticles without fuzes. 
He must have complete rounds, and it is a part of the 
Ordnanee job to see that he gets them 

Thus does the problem of industrial preparedness mount 
higher and higher, for there are few plants indeed that can 
ever hope to produce ammunition in complete rounds. But 
ine actual design and production of the round, who will 
manufacture this component and who that, are all Ord- 
nance matters which accurate and persistent planning will 
accomplish. The thing is that the user requires the eom- 
plete round and it is therefore essential that we think in 
terms of complete rounds, keep the round as a unit ever 
predominant and see to it that the round as issued is the 
best that our engineering skill, manufacturing equipment 
and storage and issue facilities can turn out. The eom 
plete round is the culmination of the ingenuity of many 
minds, the fruition of many manufacturing processes and 
the 


and everyone of a thousand steps in its creation must be 


result of mueh handling, storing, and observation 


faultlessly accurate and as near perlect as is humanly 
possible. And it is the complete produet that must fune 
tion else all that has gone before is no avail. 

the the the 


delivered ready for use at the gun. 


that 
It is only 


Therefore, round’s thing best round 
ean be had 
in this light that ammunition takes its real place of im- 
shell without a 


fuze or with an imperfect copper band, or any other defeet, 


portanee in the catagory of ordnance. <A 
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ix time and money lost; but a gun without its complement 
of complete rounds becomes just so much metal and is as 
useless for its mission as the human body without life. 
“The round’s the thing.” 


Reserve Officers 


‘THe old bromide of a million men springing to arms 

over night never did receive much serious thought from 
thinking men. Patently there must first be the arms to 
spring to and, equally obvious, given the arms it is a 
difficult 


have not erased the memories of training camps and ean- 


rather overnight “spring.” A few short years 


tonments with their hundreds of thousands training for 


endeavor to master the 


battle. 


weeks and months in a feverish 


mere rudiments of the science of 


But this is a twice-told tale. To reeall it does not con 
vinee in the slightest those who are not open to conviction. 
Unfortunately we have a very insidious group of thinking 
however, whose prime purpose is to dis- 


thus kill at 


system of 


nen among us, 


courage military training in our sehools and 


the root the dominant idea of our present 


national defense. Like all other enemies within the gates 
they are a pretty shrewd lot. Regardless of their aversion 
tor facets, their avoidance of logic, their brazen effrontery 
of the principles that have made us what we are, they 
have the uneanny ability and persistent boldness to strike 
telling blows at our military training system and already 
they have scored at least partial victories here and there. 

It is not our purpose to enter into a diatribe against 
pacifists and pacifism. There are some conscientious 
objectors whose convictions are sincere; with these we have 
no quarrel; they do not constitute the menace. The enemy 
within the gates is rather that subtle organized body which 
is bending its whole effort at the destruction of our present 
military system by blighting the very foundation of our 
civilian training. It may be that one of the results of our 
in its throwing over the prin- 


shirk 


The days of the swarthy pioneers are gone and 


modernist, utilitarian age 


ciples of days past is to the responsibilities of 


detense. 


with them a rugged honesty and fearlessness, a sense of 


PICATINNY 


AS this issue of Army Ordnance goes to press 

Picatinny Arsenal is a mass of wrecked buildings 
and equipment. On July 10th the Naval Ammunition 
Depot at Lake Denmark, N. J., located scarcely a 
half mile from Picatinny, was utterly destroyed by a 
series of explosions which wiped out the huge naval 
establishment. The resulting damage to Picatinny 
can scarcely be estimated. All buildings are wrecked, 
the chemical laboratory a mere shell of walls, the 
power plant razed, administration building demolished 
and the powder factory, loading area, pyrotechnic 
section and testing groups a tangled mass. What 
the approximate damage to the organization, plant 
and equipment at Picatinny is cannot be estimated at 
this writing. 

A sterling officer of great promise, Ist Lieut. 
George W. Bott, Ord. Dept., U. S. A., was the only 
member of the Picatinny personnel to lose his life. 
All officers and their families at the post at the time 


duty and willingness to share in the responsibilities as well 
as the rewards of nationhood. 

But we digress, to get back to the necessity for military 
training, let us consider only the Reserve Officer plase 


of the subject. Almost eight years have passed since 


the command, “Cease firing’ was given and since then our 


only replacements in the ranks of the organized reserves 
are coming from graduates of the Reserve Officers’ Train 


ing Corps. It will not be long before those who served 


in the World War will have passed on and then experi 


enced men will have turned over the task to a rising 


eeneration to whom the lessons of that conflict will have 
no more intimate meaning than have the lessons of Valley 
Forge and Gettysburg for us of today. Certainly these 
lessons are great in themselves but they lack the influence 


men who took in them to make their results 


of the part 


more real, And so it is with those who took part in the 


World War. 


the problem and their efforts toward a solution. 


Today we ean listen to their descriptions of 
Com- 
manding generals are with us to recount their experiences, 
officers who played only minor roles can give us the re- 
sults of their endeavors. Tomorrow the role will fall to 
other hands and as they are prepared well or ill so also 
will the path to victory lie. 

Therefore, to nullify, or attempt to nullify, our efforts 
for a well-trained Reserve Corps, is to do inestimable harm 
A skeleton Regular 


In the 


io an important element of the Army. 
Army and a fit National Guard are not enough. 
wisdom of those who planned the National Defense <Aet 
the third 
ganization requires a Reserve Corps ready and prepared 


element is also vital. Our triune military or- 


to assume its assigned task. Today the Reserve Corps 
comprises a body of patriotic individuals who, cognizant 
of its value and importance are willing to give of their 
time and effort that they may play their parts to the best 
of their ability. He who restricts the replenishments of 
the Reserves by throttling the Reserve Officers’ Training 
Corps is guilty of serious attempt to harm an organization 
that is by far the best balanced and most effective one 


we have yet tried. 


WRECKED 
were injured and their quarters demolished. To the in- 
jured Army Ordnance extends its heartfelt sympathy. 

But the Picatinny disaster could have been far 
more serious. Had the blow come during working 
hours when some 600 civilian employees would have 
been in the various plants the loss of life would have 
been staggering. 

Thus this issue of Army Ordnance which was 
intended to describe the ammunition arsenal, its splen- 
did record of accomplishment and its facilities for 
future progress becomes rather a memorial to an 
establishment that has suffered a severe blow. 

But from this wreckage let us plan an even greater 
Picatinny that will carry on where the present 
demolished establishment left off. Let us hope that 
funds will be immediately appropriated to begin the 
gigantic task of salvage and reconstruction so that 
the loss to the Army and the nation may be minimized 
as much as possible. 
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Edited by Maj. William A. Ganoe, Inf., U. S. A., Historical Section, Army War Coliege. 


FTER the first use of black powder in a gun, more 
than five centuries elapsed before anything funda- 


» into the explosives art, before 


mentally new cam: 
the principle of the high 
explosive was discovered 
and applied. Substances 


now became available 


which, like nitroglycerin, 


were exploded by unin- 
tentional shock or were 
made to burn by fire 


without exploding, which 


were uneertain and un- 
predictable in their aec- 
tion. Others, like picrie 
acid, were incapable of 
exploding from fire or 
from ordinary shock. It 
was found that these sub- 
stances eould be exploded 
the shock 
from the 


explosion ofa small 


regularly by 
which resulted 
quantity of mereury ful- 
This 


“initiator” 


minate. primary 
explosive or 
would explode from fire, 


invariably, whether con- 


fined or not, and _ the 
great loeal shock which 


it would produce would 
initiate the explosion of 
The 


discovery of the peculiar 


the high explosive. 
properties of mercury 
that 


were 


fulminate showed 


high explosives 


possible. Its use made 
them tractable. 


The 


fulminating 


preparation of 
gold = and 
silver by the action of 
the salt of 


the corresponding metal 


ammonia on 


is deseribed in what pur- 
ports to be the writing 
of Basil 


Dominiean monk of 


; rae 
Valentine, re ; 





Kunckel’s Discovery of Fulminate 


TENNEY L. Davis 


lrfurt and the 


monastery at 








. 


Johann Kunckel, (1630-1703). 
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Erfurt, in the early part of the fifteenth century. 


These 


writings are spurious, for there has never been a Dominican 


that religious 
order do not eontain the 


of Basil Valentine. 


records ot 


Phetdiie 
They 


written in 


were 


the 


evidently 
late six 


teenth or early seven 

century by 
Tholde 

Tholden) of Hesse 


first published them, and 


teenth 
Johann (or 
who 
constitute altogether an 
excellent summary of the 
chemical knowledge 
of the 


best 
time, collected 
without acknowledgment 
of souree. Fulminating 
gold and silver were per 
haps discovered by the 
Dutchman, Cornelis Dreb 
(1572-1633). Their 


composition does not yet 


bel 


appear to have been defi- 
settled, they 
are difficult substances to 


nitely for 


handle and explode on 
very slight provoeation. 
For a time after then 


discovery they attraeted 
considerable attention as 
toys or chemical euriosi 
ties, but they have not 
been put to practieal use. 
In his diary for November 
11, 1663, Pepys deseribes 
with a 
told 


a conversation 
Dr. Allen 


A “rum 


who him 


about fulminans, 


“of which a grain—put 


in a silver spoon and 


tired, will give a_ blow 


like a musquett and 


strike a hole through the 
with- 


spoon downward, 


out the least foree up 
ward.” 


The striking properties 
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which are 





of fulminating gold and sil- made artificially 


such 


ee Bi acces oe | Swanesrenen : 
ST steps Laon Berg - Rathé | und dee _—*s seen in the ease of ful. 
' oj Rayfert. Leorovv. Societdt Mit «irede/ minating gold, and fulmi 
d. Hermes If. Mars, Moon, and 


COLLEGIUM PHYSICO- (sen, silver, 


ver attracted the attention must have an earth, as 
Kunekel (1630- 


and led him to the 


ot Johann 
1703 ) 


discovery of fulminate of nating 


mereury. This man was an Saturn 


exceptionally able  experi- lead), which all must be 
menter and an acute obser- ; CHYMICUM of ~*\repersincalaeceaa precipitated with a frigidus 
ver, and contributed many (cold), like Salt of Urine 
new facts to chemistry. He (ammonia), C. C. (cornu 


best known for his stud- cervi or hart’s horn, 1. e., 


Laboratorium 
Chymicum, 


ies on ruby glass and on ammonia), ete., or otherwise 


phosphorus. He was em- they give no fulmen.” 


ployed by various German This astonishing experi 


prinees and finally by ment no doubt became one 
Charles XI of Sweden by of the standard exhibits of 
whom he was made Baron sn a . street fakirs and mounte- 
von Lowenstern and Coun- Mon den oe tes in oa banks, along with Kunekel’s 


who 


king- 


important 


Liebig, 


1803, saw 4 


sellor of Mines for the 
dom. His 
work, 


Chymicum, was 


7 ua bones 
MIs Vegetabili nti 


phosphorus 


te Ge a 


Animalien , Mineralien, fakir 


fulminate of 


most born in 


the Laboratorium prepare and exhibit 


published mereury in the 


under the 
editorship of Engelleder. 
On pages 215-214, he 


“Further 


after his death, 
Says: 


evidence that 


ica hadi 
TRANSMUTATION 


ma rket-plac e at Darmstadt 


when he was l boy. He 
with 


watched the process 


interest, recognized by its 

















und 


Mereury is cold is to be seen odor the aleohol which was 


when you dissolve it in Aqua used, went home, and sue 


(nitric aeid), ceeded in preparing the sub- 


ate the 


fortis evapor- 


solution to dryness, stance for himself. In 1823, 


pour highly-rectitied S pirit- when he was working with 


Gay Lussae at Paris, he 
studied the 


isolated fulminie 


um Vini (aleohol) over the 


residue, and then warm it fulminates and 


slightly so that it begins to acid. 


dissolve. It commences to Silver fulminate, as 





boil with amazing vigor. If Kunekei sevs, is not pro- 





the glass is somewhat stop- The Title Page of “Laboratorium Chemicum” dueed by pouring aleohol 
ped up, it bursts into a ~ en See alone onto silver nitrate. 


thousand pieces, and, in consequence, it must by no means Brugnatelli, however, prepared it later by pouring onto one 


be stopped up. I once dissolved Silver and Mereury to- hundred grains of powdered silver nitrate, first an ounce of 


aleohol, and then an ounce of econeentrated nitrie acid. 


Atter the 


the luted with water 


gether in Aqua fortis and poured over it an excess of 


Spiritum Vini, and set the mixture to putrify in fimum fulminate had precipitated, the mixture was di 


having to prevent it from dissolving again, and 


When it happened a 


Equinum (horse manure) after stopped up 


glass with mere sealing wax only. immediately filtered. 


few days later that the manure became a little warm, it Edward Howard, who deseribed the preparation of 
made such a thunder-crack, with the shattering of the glass, nereury fulminate in a paper before the Royal Society 
that the stable-servant imagined, since I had put it in a of London in 1800, has generally been regarded as the 


discoverer of the substance. He dissolved mereury in warm 


after 


box, either that someone had shot at him through the win- 
r that the stable. As 
that the 
Now 


Mereury as 


into 
etter 


dow o Devil himself was active in the nitric acid and poured the solution, cooling, 


aleohol. 


vescence, and filtered for the 


soon as I heard this news, I was able easily to see This mixture was then warmed to exeite 


that it must have been my glass. removal of fulminate as soon 


Mereury, 2 /oth of each. 


blame Was mine, 


this was with Silver and complete. Howard's 


thing 


precipitation appeared to be 


does the same alone, but Silver not at all. method is essentially the method which is now in use on a 


“No Fulmina are produced unless hot and cold come to factory seale. The use of fulminate caps for priming the 
gether and have an wholly subtle earth between them. black powder charges of muskets soon came in. Sixty 
Now Mercury consists for the most part ol such a Terra vears elapsed after Howard's paper before the observa 


Nobel .and his father that nitro 
After 


Alfred 


detonated by means ot 


iscosa (viscous earth), for otherwise it would have re tion was made by 


mained water, and it is therefore cailed also a dry water — glycerin could be fulminate. 


vhich does not moisten the hand. Likewise all F'u/mina that, the development of high explosives was rapid. 
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ORGANIZATION 


N THE last two issues we touched upon the Commander 
and his assistants—the General Staff and the Technieal, 
Supply and Administrative Staff. We may liken the com- 
mander to the driver of a car. The ultimate object of the 
operation of the automobile is to displace the driver 
through distance. This displacement is accomplished by 
the exertion of foree in overcoming the resistance of weight 
(gravity), internal friction, road friction and wind. So 
the general object of the commander of an army is to ad- 
vance, and he does so against this resistance of the enemy 


and against the internal resistance of his own military ma- 


chine. The brain or ego of the driver represents the com- 
mander, his hands and feet are his staff and the engine 
and accessories his troops. Now the parts which go to 


make up a ear, if scattered around the floor, do not con- 
stitute an automobile. Each part in itself is capable of 
performing its function but there is something laecking— 
organization. The impulse of mechanical organization is 
design. The designer starts with an analysis of the forces 
to be overcome and he computes both the strength of the 
parts and their inter-arrangement; some certain parts must 
operate numerous others, and these certain parts in turn 
are governed or directed by some central part and so on- 
until we get up to the throttle lever, a touch of which 
directs the operation of the entire machine. A carpenter 
contracting for a small frame building can keep the few 
necessary workmen under his own eye and give them diree- 
tions personally, but when he becomes a large contractor, 
building huge and numerous structures, his workmen must 
be organized—foremen are employed who handle a certain 
number of men according to the resistance of the problem, 
and these foremen are, in turn, under a manager who re- 
ports to the contractor. 

Organization is the first problem confronting any com- 
mercial manager handling any proposition requiring a 
So it is with the military problem. The 


large personnel, 
overcome is analyzed and the 


military resistance to be 
forces it 
Military resistance ineludes not only the resistance of the 


to meet are organized in aeecordanee therewith. 


enemy but the internal resistance of the military machine 
itself—administration, discipline, marching, camping, im- 
mobility, ete. Henee when we consider the present organi- 


zation into companies, regiments, brigades, ete., we know 
that these bodies of troops are not parcelled out arbitrarily 
merely to form a chain of command, but that they are 


os 
The 


fact has been determined that a corporal of infantry on 


hased upon long experience with military resistance. 


64 


the firing line and in training ean best handle about seven 
or eight men—henee the first element of organization, the 
infantry squad. Thus a platoon commander ean control 
so many squads—a captain so many platoons, and the com- 
mander of a battalion, which is the smallest independent 
fighting unit, so many companies. Thus far we have eon- 
sidered only the fighting resistance. Into such organiza- 
tions as companies, regiments and divisions enters the 
problem of administration, and in the division and the 
army the problem of supply. The division is the basie 
large combat organization and ineludes all arms except 
cavalry. It is based largely on mobility; it is the largest 
self-sustaining and self-supporting unit that, marching in 
one column, can close on its head for combat or for bivouae 
in one day. A division may seize and hold a part of a 
general line temporarily but cannot drive through to a 


The 


other 


or the aetion rein- 


to 


be extended 
In 


(chain of command), divisions are organized into corps. 


decision. line must 


foreed by divisions, order retain control 

Artillery is organized according to the amount of infan- 
try needing artillery support—thus a brigade of light artil- 
lery ordinarily supports a division of infantry, a regiment 
of artillery a brigade of infantry, and a battalion of artil- 
lery a regiment of infantry. A regiment of corps artillery 
(medium artillery) is of sufficient size to support a di- 
vision of infantry, but it is not assigned to the division 
as an integral part because it would restrict the mobility 
of the latter. After the divisions of the erops are in line 
the corps artillery is normally brought up and an artillery 
regiment given the temporary duty of supporting a di- 
vision of infantry. Thus the faetors of infantry support 
(artillery fire power) and mobility as well as administra- 
tion and chain of command enter into the organization of 
artillery. 

When units are grouped into a division certain addi- 
tional troops are needed for special services and adminis- 
trative In the division these are grouped to- 
gether under the title of Special 


purposes. 
Troops. The Ordnance 
Maintenance Company is in this group. 

The motive of corps organization is a trifle different. 
There first effected skeleton 


work consisting of Corps Headquarters and Staff, and of 


is a organization or frame 
“Corps Troops” consisting of service, supporting and sup- 
ply troops, and to this framework are added as many 
(divisions and army supporting troops as are necessary to 
carry out the particular mission in view. One branch of 


the corps troops is the “Corps Special Troops” which in 
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cludes two ordnance companies, one heavy maintenanee for service with cavalry and assigned one to each 
and one ammunition, whieh serve the corps at large, while cavalry division of the army. 
another branch of the corps troops, the “Corps Artillery,” Army Artillery 
includes one ordnance company maintenance primarily for ee Vieiiiieaiae Company, Maintenance, with the 
service of the artillery brigade. army antiaireraft beinade. 

The army organization consists of a heavy skeleton com — Air Reuulos 
posed of “Headquarters” and of “Army Troops” of all md Ordnance Company, Maintenance, specializing 
arms and services. To this framework are added as many in aireraft machine cane and bombs. 


orgamle corps as are necessary for a particular task. The — ¢;, neral Headquarter 
ener 1 i TS 


army is primarily a supply oreanization anc e “Army . 
pp" 4 n and © Arm) G. H. Q. Light Artillery 
Ordnance Service” contains several ordnance supply (am 
. One Ordnance Company, Maintenance, per brigade, 
inunition and depot) companies. 
portee and motorized; pro rata, two per army. 


General Headquarters administers the theatres of oper — . 
es G. H. Q. Antiaireraft Artillery 

ation and holds in reserve large quantities of artillery, 

Sy One Ordnance Company, Maintenance, per brmgade; 

tanks and so on—to be attached temporarily to armies tor ; es 

, . : pro rata, two Tor six armies, 

their support in particular missions, after which the ma 

: . _ ‘ ' ) AV ' » 1 ay’ 

tériel is withdrawn. This reserve is called the “G. H. Q. G. H. Q. Heavy Motorized Artillery 

Reserve.” G. H. Q. artillery, tanks and air service are l'wo Ordnance Companies, Heavy Maintenance, per 

oreanized Into units with a pro rata of ordnanee main brigade ; pro rata, two pee eeu: 


tenance companies. The G. H. Q. ordnance ineludes sey G. H. Q. Ordnance 
eral ordnance supply companies for use im rear of the One Ordnance Company, Ammunition, per army, at 
army areas and in the communication zone. ammunition supply depots. 

Below is a summary of organization in the theater of Two Ordnance Companies, Depot, per six armies, at 


general supply depots. 
G. H. Q. Tanks 
One Ordnance Company, Heavy Maintenanee, per tank 


operations with reference to ordnance companies : 


Division 


Special Troops 
One Ordnance Company, Maintenanee. group; pro rata, one per army. 
G. H. Q. Air Service 


Equipped to repair and furnish a limited amount ot 
One Ordnance Company, Maintenance, per 


spare parts to the infantry and artillery weapons heavier 
of the division. than air wing; probable pro rata, one per army. 
Corps The staff organization of Ordnance in the theatre ot 
Corps Troops operations includes a Chief Ordnance Officer on the staff 
Special Troops of the commander of the field forces, an Army Ordnance 
One Ordnance Company, Heavy Maintenanee, which Ofticer, a Corps Ordnance Officer and a Division Ordnance 
inkes am lower and heavier work than can be ‘Otheer om the recpective stais of the troop commanders 
handled conveniently by ordnance companies and other ordnance personnel in the communications zone. 
Pavihes to the front. The functions and duties of ordnance personnel and com 


panies will be diseussed in future issues the objeet of 


One Ordnance Company, Ammunition, has charge iain wane ws en 
' ; ; this issue is to bring out the purpose of organization. The 
of the ammunition seetion of the corps park, ? ; 
. subject is a large one and the attempt here is merely one 
Corps Artillery Brigade oe 

of analysis and of orientation of the Ordnance elements in 

One Ordnance Company, Maintenance, normally ae Hs 4 
; : the military machine. 

the brigade and handles light repairs 


COMPanles = 
and replacements for the medium artillery, 


Heavier work of this brigade is passed back to 
Although mobilization is a funetion of the zone of the 


the heavy maintenance company. , 
\ interior vet most ordnance companies are destined for the 
Vinny 
a theatre of operations and the subjeet of their loeal mobili 
Army Troops , i 
: zation is ever an engrossing process. Reserve Officers have 
Army Ordnance Service 
taken much interest in this process and with their experi 


One Ordnance OMPeRy Headquarters, furnishes ence in eivil lite are ina rood position to contribute ans 
personnel for administration of army ordnance valuable suggestions to the solution of the problem of local 
— mobilization. Below is a paper prepared and read by 

One Ordnance Company, Maintenanee, specializes Capt. George Paul Slade, Ord. Res., at a loeal meeting of 
In small arms repair. It Is assigned to Army Reserve Officers in Boston, Mass.. May 6, 1926. Captain 
Small Arms Repair Center. Slade is to be complimented upon his zeal and grasp of 

Three Ordnance Companies, Ammunition, assigned the problem. It is suggested as an interesting study to 

fo army ammunition depots. other Reserve Officers that each imagine himself given the 

Three Ordnance Companies, Depot, with army sup task of the mobilization of an ordnance company in his 
ply depots. community and that he make a survey of loeal resources 

Army Cavalry with a view to determining the best point for rendezvous 
Two Ordnance Companies, Maintenance, equipped and training. 
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War Planning As Applied to Ordnance Units 


Capt. GEORGE Pau SuApDE, Orp. REs. 


l HAVE been asked to speak on War Planning as Ap- 

plied to Ordnance Units. I hope you will not look on 
What I may say as any attempt to give the last word on 
this subject, but rather as making certain suggestions 
which may lead to a more extended study and consider- 
ation of the subjeet. 

I suppose Ordnance Units inelude maintenanee com- 
panies, depot companies and ammunition companies, as 
well as headquarters and proving ground companies. The 
commanding officer of Ordnance Units has a wide variety 
of duties. He must provide for the food, clothing, shelter, 
physieal and spiritual welfare and training of his men. 
He must also see to the procurement, inspection, storage, 
maintenance and issue of ordnance matériel. With the 
different kinds of units, the functions differ, but there are 
certain considerations which apply to all units. 

The first considerations, both before mobilization and im- 
mediately upon mobilization, will be those of personnel. 
In organizing the unit in peace time, high grade men should 
be sought for the commissioned and enlisted personnel. In 
the maintenanee company particularly men of varied ex- 
perience should be obtained, so as to have an organization 
ready to meet whatever demands may be made upon it. 
In peace time personnel should be trained to the fullest 
extent which the availability of funds and the interest dis- 
played by the personnel will permit. Periods of active 
duty training are of course most useful. Correspondence 
courses do their part. And occasional meetings should be 
held through the winter months at whieh subjeets of in- 
terest to the unit should be taken up. 

Immediately upon the outbreak of war, intensive efforts 
should be made to complete the authorized peace time cadre 
of the unit. Personnel already assigned to the unit should 
be requested to interview men known to them and having 
the desired qualifications. For depot and ammunition com 
panies, the loeal warehouse concerns and wholesale houses 
should be eanvassed for proper personnel. For mainte- 
nance companies, local machine shops, manufacturing con- 
cerns, automobile service stations and engineering societies 
should be eanvassed. If funds can be made available, it 
might prove advisable to insert advertisements in the local 
newspapers. 

Warning orders and orders calling officers and enlisted 
men to active duty should be all prepared except for the 
dates to be inserted in them, and these orders should be 
sent out immediately upon receipt of similar orders by the 
unit commander. 

Plans should be made to care for the personne! immedi 
ately upon mobilization at the rendezvous point. It is be- 
lieved to be the intention to send certain units to arsenals 
or proving grounds for training just as soon as they are 
mobilized. But—orders have to be issued, transportation 
facilities have to be made available, and what with one 
thing or another there is pretty sure to be some delay. It 
is therefor absolutely necessary to plan to care for the per- 
sonnel loeally for at least a certain length of time. 

One of the first considerations will be shelter. In many 
eases it will be possible for all the men of a unit to sleep 


at home, reporting each day at the rendezvous point. This 
will not always be possible, however, and if the unit is 
apt to remain at the local point for any length of time, 
it probably will be preferable, for the purposes of dis 
cipline, and for organizing and training the unit, to have 
all the men quartered in one central place. It would seem 
advisable in peace time to arrange for at least one specific 
place for a barracks. If possible, the owner of some cer 
tain property should be made to give the first right of 
oceupation of a place to your partieular unit. This, of 
course, Without obligating the government to utilize that 
place. It should be borne in mind, that your unit may 
be mobilized at a different stage of the mobilization pro 
ceedings from that at present contemplated, and if pos 
sible you should therefore seeure the first right to use 
such premises at any and all times. At this point let me 


remark that in your planning it would seem advisable to 


allow yourself the greatest leeway for all situations that 
may arise. All plans should be very elastic. You may 
find it necessary to diseard most of your planning and 


start anew. 

It will probably be impracticable to start a company 
mess while at the loeal barracks. Arrangements will there 
fore have to be made for a nearby restaurant or boarding 
house to furnish meals. Sueh arrangement would be defi 
nitely made only after competitive bidding so as to insur 
protecting the interests of the government. But in mak 
ing your mobilization plan, existing restaurants and board 
ing houses in the neighborhood of the designated barracks 
should be carefully noted. In seeking competitive bids 
sample menus as set forth in the manual for Army cooks 
should be furnished prospective bidders, and the bidding 
and awarding of the order will be eonduected in aceord 
anee with the Army Regulations on the subjeet. 

Immediately upon mobilization and while awaiting trans 
portation, intensive training should be earried on as far 
as personnel and facilities available will permit. Tt may 
he that facilities for the teehnieal training of a unit will 
not be readily available. In this ease military training 
may be emphasized while the unit is at the loeal barracks. 
It is believed to be the policy of the Ordnance Depart 
ment to train all field units in defensive taeties. Closed 
and open order drill should therefore be given. This means 
that in time of peace you should locate some suitable area 
near the chosen barracks whieh ean be used as a training 
field. Loeal pistol and rifle ranges should be located and 
their availability for use in time of war determined. Tnso 
far as technical facilities can be made available, technical 


training should be given. Depot and ammunition eom 


panies should make arrangements with loeal warehouses or 


wholesale concerns for a study of their methods of hand 
ling and storing various kinds and shapes of articles, and 
also their systems of records. Maintenance companies 
should study such ordnance matériel as may be available, 
as in state armories or with national guard or other re 
serve units, and it might prove advisable to give the per 
sonnel broader experience than they had had on their par 
ticular kind of machine shop or assembling work by uti 
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lizing such facilities as could be made available. In the 
Northern States provision should be made for use of an 
enclosed drill-hall as mobilization might take place during 
the winter months. Subjeets in which training is to be 
ziven should be considered, and it seems wise in peace 
time to work out training schedules, including a list of calls 
for the daily conduct of the company. The duties of the 
(Officer of the Day and of the non-commissioned officer in 
charge of quarters should also be planned. 

In training the members of the cadre, they should be 
trained with a view to teaching them to become instructors 
themselves, They should be taught the necessary steps to 
receive Increments of drafted men and to train the drafted 
men in their duties. 

There is a considerable quantity of paper work to be 
accomplished when al unit is mobilized. All members ol the 
cadre and especially those who will have the military ad 
ministration of the company as their chief work, should 
he thoroughly trained in peace time in the paper work 
which they will be called upon to aeeomplish. 

Tables of Organization for some of the larger ordnanee 
companies provide for a medical officer and medical en- 
listed personnel to be attached to the company. Where 
army medical personnel is available, it should be used for 
the initial physical examinations and for the care of the 
sick, Otherwise arrangements should be made, according 
to Army Regulations, with civilian doctors and hospitals 
for the care of the sick. At training camps medieal facili 
ties will probably be provided by the eamp authorities. 
If any personnel has to be left in some loeal hospital when 
the cadre moves to training camp, the local reserve office, 


or else corps area headquarters, and the man’s nearest 


relative should be advised of the arrangements made for 


his eare, and the nearest Army office should be requested 
to maintain supervision of the case, 

Sanitation regulations at the local barracks will very 
likely fall on the COMPANY commander, as medical per 
sonnel to advise on this subject may not be available. 
Scrupulous personal cleanliness and cleanliness of quarters 
should be insisted on at all Limes, Regular inspections 
should be made. Proper sanitary regulations to fit the 


particular situation should be earefully considered. 


Activities to occupy the attention and spare time of the 
men should be organized. At the loeal barracks the men 
will be largely in their home environment and can be de- 
pended upon to take care of themselves. But once away 
from home athleties should be encouraged, reading and 
writing rooms should be provided, and entertainments 
should be gotten up especially among the men themselves. 
Opportunities should be furnished for the men to attend 
church. Every effort should be made to provide whole 
some diversions for the men in their spare time. 

A matter which should be considered while the unit is 
at its loeal barracks and perhaps even before its mobiliza 
tion is that of starting a company fund. Entertainments, 
dances and fairs should be planned and earried out with 
a view to increasing the company fund. It will probably 
be advisable to organize a ladies auxiliary to assist in de 
veloping this fund and to supply knitted goods and other 
accessories or luxuries. 

Supply requirements while at the local barracks should 
v kept at a minimum. They will consist mostly of office 
supplies and cleaning equipment. Shelter and mess equip 
ment will not be required, as this will be furnished loeally 
by contract.) The men will probably use their civilian 
elothing while at local barracks. Absence ot some equip 
ment will mean an easier task in moving the cadre to the 
training camp. 

Two of the enlisted men of the cadre should be chosen 
to report any enemy or pacifist tendencies observed in any 
member of the company. Relations with the pubhe and 
the press should be observed and regulated by the com 
pany eommander. 

I have only been able to touch on the broad outlines of 
this subjeet. Details will need to be worked out to fit 
each unit and loeal conditions. 

In closing may [T remind you that war planning and 
training is the very substance of the Reserve Corps idea. 
Let’s get into it with enthusiasm. Let's put our time and 
energy on this subjeet and have a highly organized and 
highly trained Reserve Corps that will satisfactorily handle 


and quickly dispose of any emergency that may arise. 
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The Explosive Properties of the Silver Salts of Some of 


the Nitro-Aromatic Compounds and Silver Oxalate 
ee 


- HE detonating properties of silver azide! and silver 
fulminate? have been discussed in previous articles 1 


Our results on 


this series of studies on silver initiators. 
silver picrate, silver trinitroresorcinate, silver oxalate, and 
the silver salt of hexanitrodiphenylamine are presented 


in this artiele®. 


SILVER PICRATE 


Chevreult made silver picerate in 1809; Liebig® noted 


that it explodes on being heated; Post and Mehrtens® 
investigated some of its properties in 1875; and Silberrad 
and Phillips? established its formula as AgC6H207Ns in 


1908, and stated that it explodes feebly at 336-544°C, 


Preparation 
Pierie acid was dissolved in the least possible quantity 


of boiling water and an equivalent molecular weight of 


silver oxide was added. The silver oxide went into solu- 
tion readily with stirring. Silver picrate crystallized out 
was filtered off on a suction 


The vield was about 


on cooling the solution. It 
filter, washed with water, and dried. 


99 per cent of the theoretical. 


Properties 


The silver picrate obtained consisted of a mass of fine 
yellow needles which crushed readily when dry, melted 
at 315°C. exploded at 
contact 


the 


and slowly and 


gan. 


decomposed 
It 


with a flame 
spit of a fuze when compressed in a detonator capsule. 


exploded weakly when brought im 


but was not ignited or detonated by 
Charges of 0.4 gram pressed in detonator capsules were 
detonated by a minimum weight of 0.15 gram of mercury 
Charges of 
ful- 


but 


fulminate when confined by a reinforcing cap. 
0.4 gram of TNT required 0.24 gram of mereury 
minate, confined as above described, to detonate it; 
this TNT charge crushed 10 per cent more sand in the 
sand-bomb test than the silver picrate charge did. Silver 
picrate exploded by the drop of the 500-gram_ weight 
through a height of 577 mm. in the impact test. 


The solubility of silver pierate at 25°C, follows 


is as 
per 100 grams of solvent: in water, 1.61 grams; in ether, 
0.019 gram; in acetone, 3.117 grams; and in 95 per cent 


alcohol, 0.978 gram. 


1. Taylor, C. A. and Rinkenbach, Wm. H., Army Ordnance, 
vol. v, 1925, pp. 824-5. 

2. Taylor, (. A. and Buxton, EE. P., Army Ordnance, vol. VI, 
1926, p. 302. 

3. Published with approval of the Director, Bureau of Mines. 

4. Chevreul, M., Action of nitric acid on indigo. Ann. Chim. 
Phys., (1) vol. 72, 1809, p. 113. 

5. Liebig, J., Poggendorff's Annalen, vol, 13, 1828, p. 191. 

6. Post, J. and Mehrtens, H., Physical and chemical propet 
ties of salts of nitrophenols. Berichte, vol 8, 1875, p. 1549. 

7. Silberrad, D. and Phillips, H. A., Silver picrate Jour 
Chem. Soc., vol, 93, No. 1, 1908, p. 477. 
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SILVER TRINITRORESORCINAT! 


Bottger and Will first deseribed* silver trinitroresorein 


vere 


ate as occurring in golden-vellow, palm-like erystal a 
yates, for which they gave the formula AgeC«gHO Ns. He0, 
Von Hemmelmayr obtained” small golden-vellow plates 


by treating a hot ammoniacal solution of trinttroreeerein 


with a solution of silver nitrate. Later he obtained 


brownish-red erystals by using more concentrated solu 


tions than in the previous case. His analyses showed a 


silver content of 46.67 per cent for the vellow plates and 


16.61 per cent for the brownish-red crystals. This in 
dicated that each was the anhydrous form, which theor 
tically contains 47.03 per cent of silver. 

Herz!” patented a method for obtaining normal lead 
trinitrorescoreinate which was investigated!!! in the Ey- 


of Mines 


plosives Chemical Laboratory of the Bureau 
in 1923. 


Preparation 


In this investigation Herz’ method was adapted to the 


making ef the silver salt. Five eubie centimeters of 
vlacial acetic acid was added to a boiline solution of 
12.25 grams of 1,3,5 trinitroresorein and 6.2 ¢rams of 
NavCOs. HO in O40 ce. of water. Atter effervescence 
had ceased, a boiling solution of 34.0 erams of AoNQOe 
In SO ce. of water was added with stirring. A dense 
orange precipitate formed immediately, After cooling, 
the crystals were caught on a Buehner filter, washed with 
distilled water, aleohol, and ether, and dried. The pre- 


cipitate obtained weighed 19.1 grams, as compared with a 


theoretical vield of 23.0 erams ealeulated trom the trini 


troresorein used. The silver trinitroresorcinate contained 


16.65 per cent of silver, as given by analysis. 

A 
acetie neid, but no precipitate formed when sodium ear 
When only AgeO to 


form a mono-silver compound was dissolved in an aqueous 


similar produet was obtained without the use of 


honate was not present. suflicient 


solution of trinitroresorein, no precipitate was obtained 


On adding sodium carbonate to this solution, a precipitate 


Which proved on analysis to be the di-silver salt) was 
obtained. 
Properties 
The solubility of di-silver trinitroresoreinate at 25°C 
per 100 grams of solvent, is as follows: in water, 0.425 
gram; in ether, 0.015 gram; in acetone, 0.074 eram; and in 


95 per cent alcohol, 0.015 eram. 


Di-silver trinitroresoreinate exploded by the impaet of a 


500-gram weight falling 460 mm. It exploded at 305°C, 

S. Bottger, R.. and Will, H., Annaler ol 58, 1846, p. 298 

% von Hemmelmayr, F. Monatschefte, vol, 25, 1904, p. 573 
and vol. 26, 1905, p. 185 

10. British Patent 17.961, July 29, 1914 { S. Patent 1, 443 
328, Jan. 23. 1923. Austrian Patent 5,492 June 20, 1914 

ll. Taylor, ( A.. and Rinkenbach \V H Preparation and 
properties of normal lead trinitroresorcinate, Reports otf 
Investigations, Serial No. 2533, Bureau of Mines, Oct 


1923, 6 
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when dropped on the surface of hot metal, but decomposed 

at lower temperatures. It darkened slowly in sunlight. 
Charges were weighed into No, 6 detonator capsules, 

compressed at 1,000 Ib. per sq. in., and fired in the sand 


bomb. The following table shows the weight of sand 


Lest 


crushed as compared with that erushed by mereury ful 


Comparison of silver trinitroresorcinate and 


mereury fulminate 


grams by 
Mercury 


Sand crushed, 


Weight of charge Silver 


grams trinitroresorcinate fulminate 
o.oo 0.7 2.4 
neo 1S 3.4 
o.500 3.2 15.3 
Lowe 15.4 35.0 


SILVER OXALATI 


Berthelot states that silver oxalate explodes very 


when subjected to a shock or when heated 


Wohler that the salt 


When heated in a 


cnergetically 
to 130°C 
140°C, 


found exploded at 


eurrent ol hydrogen, which 
, 


reduces the 


Hoitsema,'? however, 


190°C, 


salt rapidly. vives an 


eXplosion ltemperature of 


Preparation 


Silver oxalate mixing eold solutions 


nitrate. An 


Was prepared by 


of oxalie acid and silver immediate precita- 


lion of a white solid took place. This was washed with 
water and dried. The same product was obtained both 
when the combining weights were used and also when 


either nitrate or acid was present in excess. Practically 


the theoretical yield was obtained. The products analyzed 


(0.02 to TAT] per cent silver, compared with the ecal- 


culated 71.00 per cent. 


Properties 


The silver oxalate made was insensitive to impaet. It 


exploded with a weak puff at 260°C, when dropped on a 


hot metal surface at that temperature, and at 282°C, 
when heated slowly or after 50 seconds contact at that 
temperature. It was not ignited by the spit of a fuze 


When compressed ino a detonator capsule, and was not 


detonated by 0.25 gram of mercury fulminate. 


SILVER SALT OF HEXANITRODIPHENYLAMINE 


Hantzseh and St. Opolski'’® state that the best method 


of preparation is by the action of silver oxide on hexani 


trodiphenyvlamine in acetone solution. They then con- 


centrated the solution by evaporation in a desiccator and 


12. Berthelot, M.P.l, Explosives and their power Hake and 
Macnab, 1892. pp. 366, 475 

Ih. Wohler I \nnalen der Chemis vol, 30, 1839, p, 4 

14. Hoitsema, F., Z Phys. Ch., vol. 21, 1896, p. 142 

- Hantzsch \ and St Opolski, 


diphenvlamine, Berichte, vol. 41, 


salt of hexanttro 


1747 


Silver 
1980S, p, 


addition of 


precipitated out the product by the abso 
lute ether. 
They deseribe the produet as consisting © violet 


erystals slightly soluble in water, alcohol, and ether, but 


soluble in acetone. It turned dark at 190° 


—00°C 


readily 


decomposed at and gave ai silver eontent ol 


19.49 per cent as compared with the theoretical of 176 
per cent, 
It was found that the silver oxide, even though freshly 


prepared, did not go into solution or react in the acetone 


solution of hexanitrodiphenyvlamine; hence silver nitrate 
was dissolved in the minimum volume of water and added 
Then a 


honate was added, and a reddish vellow precipitate settled 


to the acetone solution, solution of sodium ear 


out. This was washed and then dried over HeSQ4. 

It was also made as follows: a concentrated solution 
3.40 erams of AgNOs and sufficient NH4sOH to redissolve 
precipitated AgOH was added, with stirring, to a hot 
solution of 8.78 grams of hexanitrodiphenylamine im a 


mixture of 1800 ce. of water and 50 ee, of concentrated 


NILOH., 


solution 


Fine red erystals formed immediately, The 
was cooled and the crystals were filtered off on a 
water, 


where washed with 


They 


Buehner funnel, they were 


aleohol, and ether. were then dried over sul 


phuric aeld, 


Properties 


Both of these products darkened at 190°C., deeon 
pos ad below 200°C... and lett a brown mass Phe eX 
ploded weakly at 510°C. when dropped in a hot molte: 
metal bath. Analyses gave a silver content of 19.52 an 
1Q57 per cent, which shows them to be similar to the 


product obtained by Hantzsch and St. Opolski. 
Silver hexanitrodiphenylamine is not sensitive to in 

fall of the 

Whe 


whe 


pact, as it did not explode by the 500-eram 


weight through a height of 100 em. brought i 


it deflagrated, but pressed ito 


contact with a flame, 


a detonator capsule, it was not ignited by the spit of a 


fuze. A charge of 0.4 gram pressed into a detonator 


) 


vy O02 gram of mereury tulminate, 


capsule was detonated | 


confined by a reinforcing c«ap, and erushed an average 
of 29 grams of sand in the sand test bomb as compared 
with 30 erams for the same weight of TNT, 
SUMMARY 
The silver salts considered 1h this arti le are not « 


cient detonating materials and soe cannot compete with the 
detonating compounds in general use—that 1s, 


mereury Fulminate. 


( \. TAYLO! 

Kk. P. Buxtos 
Pittshurgh Eaperiment Statioi 
U.S. Burea V 
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Edited by Major John A. Brooks, Jr., Military Personnel Section, Office of the Chief of Ordnance 


Commendations for Heroic Conduct 
OR heroie conduct during a fire and explosion at Piea- 
tinny Arsenal, May 28, 1925, have 
heen issued by the War Department to Major N. F. 


commendations 


e 


Ramsey, Ord. Dept., U. S. A., Commanding Officer, Maj. 
I’. H. Miles, Jr., Ord. Dept., U. S. A., and Messrs. Thomas 
Kk}. James, Thomas M. Roach, 
John Stank, William C, 


Swayze and Charles Zeek. 
The 
published, follow: 

Wark DEPARTMENT, 
Washington, Feb. 11, 1926. 
(GENERAL ORDERS 

No. ] 


. 


as 


commendations, 


* * 


* 


COMMENDATIONS FOR 
The fol- 
and 


ad, 2 
Heroic Conbuct. 
lowing-named _ officers 
enlisted men are commend- 
conduet, but 


having 


ed for heroie 


such eonduet, not 


occurred in aetion, is not 


within the provisions of law 
authorizing deeorations : 
* * 


* * 


“Francis H. Miles, jr.,ma- 
jor, Ordnance Department, 
United States Army. For 
heroic conduct at Picatinny 
Arsenal, Dover, New Jersey, 
May 28, 1925. Major Miles, 
with utter disregard for per- 
sonal safety, entered a burn- 
ing building containing 


loaded bombs and explos- 
ives, and assisted in removy- 
Thomas M. Roach. 
John Stank. Bottom row: 


Zeek. 


ing an injured eivilian em- 
Immediately after 
the reseue the building was completely demolished by the 
Major Miles’ 


ploy ee. 


detonation of burning explosives. conduet 


at this time is deserving of eommendation and _ reflects 
credit upon himself and the Army of which he is a 
member. Address: Care of The Adjutant General, 


Washington, D. C. Entered Military Academy from 
Massachusetts. 
“Norman F. Ramsey, major, Ordnanee Department, 


at Pieatinny 


Major Ramsey, 


United States Army. For heroie conduet 


Arsenal, Dover, New Jersey, May 28, 1925. 


with utter disregard for personal safety, entered a burning 


Cited for Bravery 





Left to right, top row: Maj. F. H. Miles, Jr., Ord. Dept., 
U. S. A., Maj. N. F. Ramsey, Ord. Dept., U. S. A., and 


Middle row: 
William C. Swayze and Charles 


70 


building containing loaded bombs and explosives, directed 
the 
Immediately after the rescue the building was com 
ot 


Major Ramsey's conduct at this time is deservine of eom 


and assisted in removing of an injured eivilian em 
ployee. 
pletely demolished by detonation burning explosives. 
mendation and reflects great credit upon himself and the 

Army of which he is a mem 
Address: Care of The 


Adjutant General, Washing 


ber. 


ton, D. C. Entered Mili 
tary Academy from Kan 
sas.” 
sas * 
“ORFICE OF THE CHIEF OF 


ORDNANCE, 
Washington, D. C,, 
Dee, 23, 1925. 
GENERAL ORDERS 
No. 2 
The following named ety 


ilian employees are com 
heroie eonduet, 
eall of 


occasion 


mended for 
duty, 


stated, 


the 
the 


bevond 
upon 
namely : 


Stank, Assistant 


John 
Foreman ( Experimental 
Loading), Pieatinny Arsen 
For 
Picatinny 


Mr. 


his 


al, Dover, New Jersey. 
heroism the 
Arsenal, May 28, 1925. 
Stank, at the of 
life, explosive 


loading 


at 


risk 
entered an 
damaged 


the 


building 


and set on fire by ex 


plosion of a melting kettle 
Thomas E. James and 
loaded bombs 


and removed 


until the heat of the flames 
He 


the removal of the body of an explosive operator killec’ by 


made it impossible for him to remain. then assisted in 


the explosion of the kettle. Immediately after the reseue 
party had removed the body, and before the party were 
clear of the danger zone, the building was completely de 
molished by the detonation of burning explosives. Resi 
dence: Wharton, New Jersey. 


Charles Zeek, Assistant Foreman (Primer Loading), 


Picatinny Arsenal, Dover, New Jersey. For heroism at the 
Picatinny Arsenal, May 28, 1925. Mr. Zeek at 


of his life, assisted in the removal of bombs from the im- 


the risk 
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mediate vicinity of a burning explosive loading building 
containing loaded bombs and remained on duty in the dan 
ger zone until the building was completely demolished by 
the detonation of burning explosives. Residence: Oak 
Ridge, New Jersey. 

Thomas FE. James, Foreman (millright), Pieatinny Arse- 
nal, New 
Arsenal, May 28, 1925. 


assisted in the removal of the body of an explosive opera 


For heroism at the Picatinny 


Mr. James, at the risk of his life, 


Dover, Jersey. 


tor from the vieinity of a burning explosive loading build 
ing containing loaded bombs. Immediately after the rescue 
party had removed the body, and before the party were 
clear of the danger zone, the building was completely de 
molished by the detonation of burning explosives, Resi 


dence: Wharton, New Jersey. 

William (. 
New Jersey. 
28, 1925. Mr. 


Swayze, Chauffeur, Picatinny Arsenal, Dover, 
For heroism at the Picatinny Arsenal, May 
Swayze, at the risk of his life, assisted in 
the removal of the body of an explosive operator from a 


loaded 


Immediately after the reseue party had removed 


burning explosive loading building containing 


bombs. 
the body, and before the party were clear of the danger 
zone, the building was completely demolished by the deto 
explosives. Residence: Dover, New 


nation of burnine 


Jersey. 
Roach, Chautfeur, Pieatinny Arsenal, Dover, 
at the Pieatinny Arsenal, May 


Thomas M. 
New Jersey. 
28, 1925. Mr. 


the removal of the body of an explosive operator from a 


Kor heroism 


Roach, at the risk of his life, assisted in 


burning explosive loading building containing loaded 


hombs. Immediately after the rescue party had removed 
the body, and before the party were clear of the danger 
zone, the building was completely demolished by the deto 
nation of burning explosives. Residence: Dover, New 
Jersey. 

A COpyV ol this order will he placed on the record ot each 
of the employees above eited. 

C. C. WILLIAMS, 


Major Gene ral, Chief of Ordnane er. 


Meeting of Boston Post, A. O. A. 


‘T HE second annual meeting of the Boston Post, Army 


Association, was held at the Harvard Club 
f May 27, 1926. 


meeting was called to order promptly at 7:00 P. M. 


Ordnanee 
of Boston on the evening The business 
the coming vear as follows: 
Miller, Ord. Vice-Presi 
(to serve two vears), 


W hitelege, 


eleeted for 
Kdward F., 


Simonds; 


Officers were 


President, Col. Res. ; 


Alvan T. 


Gilmore, 


Directors 
Morss and Maj. R. F. 


dent, 
G. LL. 
Ord. Res. 

Col. Charles H. Tenney, Ord. Res., 


sent the 


Everett 


was elected to repre 


Boston Post on the Board of Directors of the 


Army Ordnance Association. 


At. the conelusion of the business meetine dinner was 
served, 
The meeting was addressed by Brig. Gen. C. L’H. Rug 


gles, Ord. Dept., U. S. A., Assistant Chief of Ordnance, 
who spoke of the work being done by the Army Ordnance 
Association in assisting the Ordnanee Department in its 


preparations for the National Defense. 


Following General Ruggles, Col. Traey C. Dickson, Ord. 
Dept., U. S. A., the Commanding Officer of Watertown 


Arsenal, spoke in a very interesting manner of the ex 
perimental and development work that has been done and 
Col. Dickson gave 


is still in progress at Watertown. espe 
cial credit to the eapable and energeic officers and civilian 
employees at the Arsenal who have condueted these invest! 
gations and experiments under his direction. 
Sixty members and guests were present and all seemed 
much interested in the speakers. A group ot twenty re 


serve officers who were taking a course of instruction at 


Arsenal attended in a hody. 


Watertown 

A trophy was provided for by those present to be com 
the Wakefield Rifle Range, 
England. This is to 


he known as the Army Ordnance Trophy. 


Spon 


peted for at the shoot at 


sored by the United Services of New 


New York Post, A. O. A., Elects Officers 
AT THE annual meeting and dinner of the New York 


Post, Army Ordnance Association, held at the Army ane 
Navy Club, New York City, Thursday, April 15, 1926, the 


following officers were elected: President, Gen. Guy E. 
Tripp. Vice-Presidents—Col. T. L. Ames, Ord. Dept., 
U. S. A.; Col. J. L. Walsh, Ord. Res.; Lt. Col. H. B. 
Machen, Ord. Res.; Lt. Col. R. D. Coombs, Ord. Res. 
Secretary, Capt. H. W. Churchill, Ord. Dept., U. S. A.; 


Treasurer, Capt. C. H. Keek, Ord. Dept., is ae? 


Executive Committee—Gen. Guy E. Tripp, Chairman; 
James A, Farrell, Col. T. L. Ames, Ord. Dept., U. S. A.; 
Col. J. L. Walsh, Ord. Res.; Col. C. E. Warren, C A. Res.; 
Lt. Col. H. B. Machen, Ord. Res.; Lt. Col. R. D. Coombs, 
Res.; Lt. Col. E. L. Sherwood, Ord. Res.; Maj. Earl 
MeFarland, Ord. Dept., U. S. A.; Maj. C. E. 
Res.; Maj. J. M. Boyle, Ord. Res.; Capt. C. U1. 
Ord. Dept., U. S. A.; Capt. H. W. Churchill, Ord. Dept., 


i= & 3 


Ord. 
Ord 


Davies, 


Keck, 


Meeting of Ordnance Reserve Officers Assigned to Buffalo 
District and Watervliet Arsenal 


A JOINT meeting of all officers assigned to the Buffalo 

Ordnance District and to Watervliet Arsenal, was held 
at 8:00 P. M. on May 21st in the Assembly Hall, Main 
Office, Watervliet All officers in Troy, Albany, 
Watervliet, and Schenectady and Na 
D. Bricker, 
Watervliet, 


Inspect the 


Arsenal. 
(Regular, Reserve 


tional Guard) were invited to attend. Col. FE. 
Ord. Dept., U. S. A., 


invitation to all 


Commanding Officer at 


also extended an officers to 
shops during the afternoon, and approximately thirty offi 
cers, In addition to the five now undergoing training at the 
Arsenal, availed themselves of this opportunity and were 


conducted through the shops in small groups by the officers 


on duty at the Arsenal. Eighty-one officers attended the 
meeting in the evening, and because of the interest and 
enthusiasm shown, plans are being made to hold several 
similar joint meetings during next winter. 

The meeting was opened with an address by Colonel 


This was followed by an illustrated lecture, “Ex 
perimental and Development Work of the 
Barnes, Office of the Chief of 


Bricker. 
Ordnanes ay 


partment,” by Maj. G. M. 
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Ordnance. In behalf of the Reserve Officers of Albany a 
gold wrist watch was presented to Colonel F. S. Bowen, in 
charge of Reserve activities in Albany. 

After motion pictures and refreshments, the meeting was 
given over to a general discussion and inspection of war 
plans of both Watervliet the Buffalo Ord- 
District. 


Arsenal and 


hance 


Reserve Officers Entertain 
[\ COMPLIMENT to the officers and ladies of the Post 
at Metuchen, N. J., the Ordnance 
Kield Officers of the New York Metro- 


politan area and the Middlesex County Reserve Officers’ 


Raritan Arsenal, 


Service Reserve 
Association of New Jersey entertained at a danee at the 
Metuchen Club, Me- 


tuchen, N. Jon Sat- Ordnance Reserve Officers Visit Erie Proving Ground 


urday, May 22, 1926. 
The 


very 


party was a 
delightful 


and was attended by 


one, 


many prominent lo- 
eal people, ineluding 
the R. 


Rutgers 


officers trom 
oO. FF. 4. wi 
University, New 
Brunswick, N. J., 
and also officers from 
78th 
Headquarters at 
Newark, N. J. 

The 
charge of the dance 
Lt. Col. BE. L. 
Sherwood, Ord. Res.: 
Maj. J. Kingsley 
Powell, Inf. 
and Capt. Jacob M. Klein, Q. 


the Division 


committee in 






Era 


a 


Standing, left to right: 





were 


Kneeling, left to right: 


Res. ; 


M. Res. 


Cleveland Ordnance Reserve Officers Visit 
Erie Proving Ground 


Q)N May Ist and 2nd, Ordnance Reserve Officers of 
Cleveland and vieinity made a trip of inspection to 


Krie Proving Ground, LeCarne, Ohio, for purpose of in- 


struction and inspection. This visit was a part of the 
winter course of informal talks and lectures that have 
heen condueted in Cleveland. 

Through the courtesy of Capt. J. E. Brown, Ord. Dept., 
U. S. A. Commanding Officer, the Proving Ground was 


turned over to the Reserve Officers for that time with full 


course of instruetion and instructors. 


Those officers who arrived early Saturday afternoon 


spent the afternoon at pistol practice, under the instrue 
tion of Lieut. Oreutt, Ord. Dept., U. S. A,, Command 
While this was entirely 


in 
of the 84th Ordnance Company. 
informal some very good scores were turned in. 

The evening was spent under the instruction of Captain 
Ord. Res., who diseussed depot records, 
the 


His explana- 


John Johnson, 


property accounting, property records, Ordnanee 


provision system and similar office work. 





Lt. J. B. Hoon, Capt. 
Savage, Lt. K. C. Schoepfie, Lt. C. E. Whitney, Lt. H. E. Mann, Lt. J. H. 
Christman, Capt. E. A. Robbins, Lt. C. A. Hudson, Maj. J. E, Haworth. 
Lt. J. W. Orcutt, Capt. K. L. Pohlman, Capt, J. E. 
Brown, Maj. C. B. Thummel, Lt. F. T. Francis, Lt. R. H. Coburn, 


tions and instruction were complete and very interesting. 
They were examplified by examination of the depot records. 

Sunday was spent in detailed inspection of the ware 
of 


maintaining 


houses, and a study warehouse system, methods ot 


grouping, storing and material in storage. 


The periodical inspection, cleaning and preserving of the 


material was gone into. 


Detailed 


instruetion regarding the following items of 


equipment was given by Lt. H. H. Needham, Ord. Res., 
Superintendent, Erie Proving Ground:  75-mm. 


Shop 
Field Gun, Model 1897, 
240-mm. Howitzer, equipment of 


155-mm. Howitzer, 155-mm. Guns, 
light and heavy main 


tenance companies. 
During their stay, the Reserve Officers were quartered 


in the Officers’ Club and messed with the 54th Ordnance 
Company. Every 

effort possible was 

~ made by the Com 

Se J manding Officer to 


make the stay profit 


able well as en 


iis 


JjJoyvable. 








The following 

Reserve Officers were 

present: Maj. J. A. 

Haworth, Rossford, 

Ohio; Capt. A. W. 

Heinrich, Cleveland, 

Ohio; Capt. John 

Johnson, Erie Prov 

ing Ground; Capt. 

kK. L. Pohlman, 

< Cleveland, Ohio; 
, A. W. Heinrich, Lt. v. B. Ist Lt. R. H. 
Coburn, Cleveland, 

Ohio; Ist Lt. J. H. 


Christman, Cleve 


land, Ohio; Ist Lt. H. E. Mann, Cleveland, Ohio; Ist Lt. 
K. C. Schoepfle, Cleveland, Ohio; Ist Lt. J. B. Hoon, 
Cleveland, Ohio; Ist Lt. H. H. Needham, Erie Proving 
Ground; 2nd Lt. F. T. Franeis, Cleveland, Ohio; 2nd Lt. 
V. Savage, Cleveland, Ohio; 2nd Lt. C. A. Hudson, 
Fremont, Ohio. 

The visit was aranged by Maj. C. B. Thummel, Ord. 


Reserves, 


Dept., i ee we 


Ohio, and 


on duty with the Organized 
Lieut. C. E. Whitney, Ord. Dept., 
Officer, Cleveland 


Cleveland, 
U.S. Ae 
Office. 


Executive Distriet Ordnance 


Recently Reappointed Ordnance Reserve Officers 


| HE following reserve. officers have accepted reapportnt 


ment in the Ordnance Department Reserve: 


Lt. Col. Winthrop Sargent, Jr., Ord. Res., 
Haverford, Pa. 

Maj. Thomas M. Chanee, Ord. Res., 
843 Drexel Bldg., Philadelphia, Pa. 


Maj. Lewis C. Dysart, Ord. Res., 

Columbus Gen. Res. Depot, Columbus, 
Maj. Charles E. Fiske, Ord. Res., 

20 Fort Greene Place, Brooklyn, N. Y. 
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Maj. Parke A. Galleher, Ord. Res., lst Lt. Herbert K. Cummings, Ord. Res., 
1608 Hobart St.. N. W., Washington, D. C. 1213 Ellicott St.. N. W., Washington, D. C. 
Maj. John C. Gray, Ord. Res., Ist Lt. William H. Darrow, Ord. Res., 
1739 Eye St., N. W., Washington, D. C. 49 Front St., Owego, N. Y. 
Maj. Richard W. B. Happer, Ord. Res., Ist Lt. Paul W. Gerdes, Ord. Res., 
Hq. 5th Corps Area, Ft. Hayes, Columbus, O. 120 Sylvan Terrace, Harrisburg, Pa. 
Maj. Allen C. Harris, Ord. Res., Ist Lt. John O. Hayes, Ord. Res., 
34 Plumwood Road, Dayton, Ohio. Panamia Ord. Depot, Corozal, C. Z. 
Maj. Elmer Kemp, Ord. Res., Ist Lt. George Hilsinger, Ord. Res., 
Augusta Arsenal, Augusta, Ga. Fort Worden, Wash. 
Maj. George L. King, Ord. Res., Ist Lt. Louis J. Kmight, Ord. Res., 


36 Rolfe St., Auburn, R. T. 


Ist Lt. Ernest C. Moriarty, Ord. Res., 


Benicia Arsenal, Benicia, Calif. 


Maj. Edward Reiter, Ord. Res., 


Hrs. Panama Canal Dept., Quarry Heights, C. Z. 3661 13th St., N. W., Washington, D. C 
Maj. William J. Rusch, Ord. Res., Ist Lt. Robert E. Pate, Ord. Res., 

Schenectady Gen. Res. Depot, Schenectady, N. Y. ¢/o 102 Regiment Engr. Armory, 216 Fort Washing- 
Maj. Fred Togerson, Ord. Kes., ton Ave., New York, N. Y. 

Philippine Dept., Manila, P. Ist Lt. John W. Raher, Ord. Res., 


Gen. Del. Clallam Bay, Wash. 
2nd Lt. Roy L. Brown, Ord. Res., 


121 So. Meridian St., Indianapolis, Ind. 


Maj. Bernard Whittaker, Ord. Res., 
W oreester, Pa. 

‘apt. Joseph P. Bell, Ord. Res., 
230 No. Monroe St., Media, Pa. ae 


a 


~ 


‘apt. Arthur Brest, Ord. Res., me 
Recently Commissioned Ordnance Reserve Officers 


2925 Buehanan St., San Francisco, Cal. F 
‘T HE following have accepted reserve Commissions sinee 


~ 


‘apt. Hugh Carmack, Ord. Res., 


— last issue of 2MY OR NCE: 
104 Barret Place, San Antonio, Tex. e of ArMY ORDNANCE: 


Maj. Edwin M. Hadley, Ord. Res., 
$750 Woodlawn Ave., Chieago, Tl. 

Maj. Walter Mangum, Ord. Res., 
¢/o Remington Arms Co., 25 Broadway, New York, 
N. %. 

Maj. Samuel Powell, Ord. Res.. 


524 Oregon Bldg., Portland, Ore. 


— 


‘apt. Harry D. Carter, Ord. Res., 
Box 529, Chapel Hill, N. C. 

‘apt. Alexander H. Cockburn, Ord. Res. 
Aberdeen Proving Ground, Md. 

‘apt. Harold A. Fasick, Ord. Res., 


85 Fenno St., Wollaston, Mass. 


~ 


~ 


~ 


‘apt. Richard H. Franchot, Ord. Res., 
Grand Rapids Saving Bank, Grand Rapids, Mich. Capt. Joseph A. Denn, Ord. Res., 
231 No. Main St., Rosebury, Ore. 
Capt. Samuel J. Shoglow, Ord. Res., 
Fort MePherson, Ga. 


‘apt. John W. Francis, Ord. Res., 


~ 


Springtield Armory, Mass. 


Capt. John Gardner, Ord. Res., 
Hqrs. 3rd Corps Area, Baltimore, Md. Capt. Howard R. Williams, Ord. Res., 

Capt. John Gebelin, Ord. Res., 18 Priscilla Apt., 3425 Michigan Ave., Cincinnati, O 
Little Rock Air Intermediate Depot, Little Rock, Ark. Ist Lt. Edward Bergman, Ord. Res., 

Capt. Harry B. Johnson, Ord. Res., Ord. Dept. Hq. 4th Corps Area, Atlanta, Ga. 
387 Main St., Springfield, Mass. Ist Lt. Elmer E. Erickson, Ord. Res., 

Capt. James A. Landers, Ord. Res., 1186 208 So. LaSalle St., Chieago, Il. 
P. O. Box 112, Talihina, Okla. Ist Lt. Boynton M. Green, Ord. Res., 

Capt. Joseph H. Lewis, Ord. Res., P. O. Box 1371, Stanford Univ., Calif. 
Route No. 3, Montrose, Colo. Ist Lt. Harry Parker, Ord. Res., 

Capt. Clarence McClure, Ord. Res., 168 Banker Ave. Meriden. Coma. 
Raritar Arsenal, Metuchen, N. J. tet Ei. densa Peck, Gud. Bea: 

Capt. John W. Peairs, Ord. Res., 1112 35th St.. Rock Island, Tl. 
. ° 9 ’ 526 Forest Ave., Palo Alto, Cal. 


12 Grace Court, Brooklyn, N. Y. 
‘apt. John W. Quickmire, Ord. Res., 
Curtis Bay Ord. Res. Depot, Curtis Bay, Md. 


2nd Lt. Everett R. Armstrong, Ord. Res., 

1517 East 15th St., Brooklyn, N. Y. 
2nd Lt. Roy K. Beaudry, Ord. Res., 

28 Vellevue Ave., Adams, Mass. 
2nd Lt. John R. Kimberly, Ord. Res., 

108 E. Wisconsin Ave., Neenah, Wise. 
2nd Lt. Osear A. Muenz, Ord. Res., 

341 Southern Ave., Bueyrus, Ohio. 935 Fulton Rd. N. W., Canton, Ohio. 
Ist Lt. Horace H. Crow, Ord. Res., 2nd Lt. Philip A. Salmon, Ord. Res., 

451 Ea. 3rd St.. Los Angeles, Cal. S09 Rahway Ave., Elizabeth, N. J. 


~ 


apt. Albert A. Riedinger, Ord. Res., 
1125 Highland Ave., Houston, Tex. 
Capt. Edward F. Trainor, Ord. Res., 
16 Fernald Terrace, Dorchester, Mass. 
Capt. Arthur Whiteraft, Ord. Res., 
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The following named officers have recently transferred 
from other branches and accepted commissions in the Ord- 
nance Reserve Corps: 

Capt. Ralph FE. Whittle, Ord. Res., 
65 Meredith St., Springfield, Mass. 
2nd Lt. Francis A. Hennigan, Ord. Res.., 
1302 Fayette St., N. S., Pittsburgh, Pa. 
2nd Lt. Thomas D. Radeliffe, Ord. Res., 
2111 34th Ave., Oakland, Cal. 
Lt. Vernon Reid, Ord. Res., 
30x 294, Forsyth, Ga. 
2nd Lt. Isidor Straus, 2nd, Ord. Res., 
c/o R. H. Maey & Co., Herald Square, New York, N. Y. 


2nd 


Recently Assigned Ordnance Reserve Officers 

‘THE following reserve officers have recently been assigned 
as indicated after their names: 

Maj. Edwin M. Hadley, Ord. Res., Manufacturing Service, 
Chieago District Ordnance Office, Chieago, TI. 

Maj. Samuel Powell, Ord. Res., Manufacturing Service, 
San District Office, San 
eiseo, Calif. 


Capt. Joseph A. 


Franeiseo Ordnance Fran- 


Denn, Ord. Res., Manufacturing Service, 


San Franciseo. District Ordnance Office, San Fran- 
cisco, Calif. 
Capt. Samuel J. Shoglow, Ord. Res., Territorial Assign- 


ment Group. 
Capt. Edward A. Wagner, Ord. Res., Manufacturing Ser- 
vice, Chicago District Ordnance Office, Chicago, Il. 
Ist Lt. 
ment Group. 


Edward Bergman, Ord. Res., Territorial Assign- 

Ist Lt. John L. Christie, Ord. Res., Manufacturing Service, 
Bridgeport District Ordnance Office, Springfield Arm- 
ory, Springtield, Mass. 

Ist. Lt. Elmer E. Eriekson, Ord. Res., Manufaeturing Ser- 
vice, Chieago District Ordnanee Offiee, Chicago, Ill. 

Ist Lt. Boynton M. Green, Ord. Res., Manufacturing Ser- 
vice, San Francisco District Ordnance Offiee, San 
Franciseo, Calif. 

Ist Lt. John H. Johnson, Ord. Res., Manufacturing Ser- 
vice, New York District Ordnance Offiee, New York, N.Y. 

Ist Lt. Arthur H. 
Division, Contract & Advisory Section, Washington, D.C. 


Nordstrom, Ord. Res., Administration 

Ist Lt. Joseph Proske, Ord. Res., Manufacturing Service, 
Rock Island Arsenal, Roek Island, III. 

2nd Lt. Everett R. Armstrong, Ord. Res., Manufaeturing Ser- 
viee, New York District Ordnance Office, New York, N.Y. 

2nd Lt. 
vice, Bridgeport District Ordnance Office, Springfield 


Roy K. Beaudry, Ord. Res., Manufacturing Ser- 
Armory, Springfield, Mass. 

2nd Lt. Ernest Gaskins, Ord. Res., Manufacturing Service, 
Birmingham Distriet Ordnance Office, Birmingham, Ala. 

2nd Lt. 


Service, San 


H. Josephs, Ord. Res., Manufacturing 
District 


Howard 

Francisco Ordnanee Offiee, San 
Franeiseo, Calif. 

2nd Lt. John R. Kimberly, Ord. Res., Manufacturing Ser- 
vice, Chicago District Ordnanee Offiee, Chicago, Tl. 

2nd Lt. Radeliffe, Ord. 


Service, San Francisco Distriet Ordnance Office, San 


Thomas D. Res., Manufacturing 
Franeiseo, Calif. 
2nd Lt. 


Group. 


Vernon Reid, Ord. Res., Territorial Assignment 


2nd Lt. Isidor Straus, 2nd, Ord. Res., Manufaeturinge Ser- 
vice, New York District Ordnance Office, New York, N.Y. 


Nationa! Guardsmen at Citizens’ Military Training Camps 
| NASMUCH as one of the prineipal objects of the Citi- 

zens’ Military Training Camps is the training given 
therein in the essentials that will aid a young man to un- 
dertake the work to fit 
the National Guard or in the Reserves, the opportunity for 


himself for a commission either in 
commanders of National Guard organizations to send to 
these camps prospective officer material is of high im- 
portance. 

All instruction at these camps is based on the sound 
foundation of good citizenship and the rights, duties and 
privileges of American youths. A second important feat- 
ure is the building up of the body of the trainees by means 
of earefully planned athletic exercises together with studi- 
ously regulated periods of military instruction. Another 
important phase of training is found in the discipline and 
routine of the camps. 

It is apparent to every officer, whether he be Guardsman, 
Reserve or Regular, that the product of these camps will 
be valuable to any organization, but especially will they be 
valuable additions to our citizen-soldier-units. 

California has made great progress with its citizen-sol- 
diery in the last few years, and the interest shown by the 
State in the Citizens’ Military Training Camps is evideneed 
by the enrollment therein and especially by the large per- 
centage of trainees that return from year to year to the 
camps. In 1925, California led the country in percentage 
of trainees who were steadfastly pursuing the yearly courses 
with the object of attaining a certifieate of proficiency at 
the end of the Blue Course. 

Not the least weleome among our young men are those 
National Guardsmen whom we have had with us at every 
camp. Their previous training in the ranks of the Guard 
was always found to be basically sound and their spirit fine 
in quality, and in most cases, undoubted evidences of prog- 
ress in leadership were apparent. 

This State will have three training camps during this 
coming summer. The Del Monte camp will give training 
in infantry, cavalry and field artillery to 950. candidates. 
Coast Artillery camps will be at Fort Winfield Seott, Pre- 
sidio of San Fort MaeArthur, San Pedro. 
Fort Seott will aceept 170 and MacArthur will train 80, 


: 
Franeiseo, and 


All three camps open on June 27 and continue for 30 days. 
All these this 
amusements and even laundry. Mileage at 5e to and from 


camps are free of expense, and includes 
camps is paid to the trainees, and that sum is ample for all 
travel expenses. 

In previous years, a number of instructors in these camps 
National the State, 


and in every ease, the ability of these officers as instruetors 


have been chosen from the Guard of 


and leaders has been most marked. Then; too, these in- 
structors have been most valuable in building up the one- 
army spirit, and that in itself proved highly valuable for 
the future of the Guard. 

Applications on the part of Guardsmen to enroll in the 
camps of their selection should be forwarded through mili- 
tary channels to the Headquarters of the 9th Corps Area. 
It is all important that careful selection as to high charae- 
ter be exercised in making recommendations for aceeptance 
at the camps. It is quality, not quantity, in the trainees 
that 
the company is alone acceptable. 


Cou. E. V. 


is desired. The best material in the community or in 


SMITH, Inf., U. S. A. 














. 
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Ordnance News in Pictures 


Secretary of War Takes a Ride in an 
Ordnance Cross-Country Car. 


Hon. Dwight F. Davis, Secretary of War, 
»yed” a ride in a cross-country car during a 


demonstration of these vehicles held in Wash- 


igton, D. C., May 24, 1926. In the car, shown 
nosing into a ditch near the Potomac River, are 
Secretary Davis and May. A. B. 
Dept., U. S. A., (rear seat) 


(front seat), 


Ouinton, Jr., Ord. 


Va . Gen, John 8 Hines, U. S. A., ( hief oy Staff 
(left) and Maj. Gen. C. C. Williams, U. S. A., 


Chief of Ordnance (right). 





(Underwood and Underwood) 


14-Inch Railway Gun Tested at Fort 
MacArthur, Cal. 


After a successful trans-continental journey 
from Aberdeen Proving Ground, Md., to the 
Pacific Coast, this giant weapon is now at yrt 
VacArthur, where it is shown being maneuver 
from its railway mount to a concret wement 








(International Newsreel) 


Recipient of Ordnance Honors at Naval 
Academy. 


VWidshipman Clifford H, Duerfeldt, Class of ’26, 
(’. S. Naval Academy, receiving a cup from Hon. 
Curtis D. Wilbur, Secretary of the Navy, for 
'roficiency in practical ordnance and gqunnery 


iu) nag the Past year. 





(International Newsre« 
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Who's Who in This Issue 


A., is Com- 


MAJ. N. PF. RAMSEY, Ord. Dept., U. 8. 

manding Officer, Picatinny Arsenal. During the great- 
er part of the World War Major Ramsey was stationed at 
Rock Island 
of manufacturing eperations. 
October, 1918, to August, 1920, on duty in the Office of the 
Chief Ordnance Officer, A. E. F., as Chief of the Supply 
Division; with the Chief Ordnance Officer, American Forces 


(rsenal where, for a time, he was in charge 


He served in France from 


in France; and as liaison officer with Direction d'Artillerie. 
He is a graduate of the Army War College, ¢lass 1921, and 
was on duty in the Office of the Assistant Secretary of 
War 1921-1922. 


Ord. Dept., U. S. A., is Chief 


MAJ. KF. H. MILES, Jr., 
During the World 


of Operations, Picatinny Arsenal. 
War Major Miles was chief inspector of powder and ex- 
plosives, Inspection Division, Office of the Chief of Ord- 
nance. He served in the liaison office, Inspection Division, 
A. E. F. 
tol and Tullytown Arsenals, Commanding Officer at Pica- 
tinny Arsenal and Ordnanee Officer at Fort Sill, Okla. 


Later he served as Commanding Officer at Ama- 


R. G. C. HALE, Chief Chemist at Pieatinny Arsenal, 
has been connected with the research organization of 
that establishment since its inauguration during the World 
War. 


to make a study of 


In 1920 he was sent to Germany on a special mission 
foreign ammunition and explosives 
stationed with the Ordnance Officer at 


where he was 


Coblenz. 


AJ. H. H. Zornig, Ord. Dept., U. S. A., Chief of the 

Technieal Division, Pieatinny Arsenal, is director of 
technical research and development at that establishment. 
During and immediately after the World War he was sta- 
tioned at Watertown Arsenal where he was at various 
times superintendent of the foundry, forge and other hot 
meial shops. He served as Ordnance Officer, First Corps 
Area, 1921-1922, and received the degree of M. S. 


the Massachusetts Institute of Technology, 1923. 


from 


C APT. IRA A. CRUMP, Ord. Dept., U. S. A., engineer- 

ing staff, Technieal Division, Picatinny Arsenal, is in 
charge of pyrotechnic and grenade development. During 
the World War ‘Captain Crump was, for a time, in ¢om- 


mand of an antiaircraft battalion, A. E. F. 


ME. H. M. BRAYTON, Assistant to the Director of Tech 

nical Activities, Picatinny Arsenal, is coordinator of the 
mechanical engineering features of bombs, artillery ammu 
nition, grenades and pyrotechnies. A captain in the Ord 
nance Department during the World War, he served at 
Frankford 


on artillery ammunition at that establishment. 


Arsenal and later as Chief Research Engineer 


ME. H. S. DECK, Chief of the Plant Engineering Di 

vision, Picatinny Arsenal, was formerly Chief Engineer 
for the Laflin and Rand Powder Company. During the 
World War he served on the staff of the Explosives See 
tion, Production Division, Office of the Chief of Ordnance. 
Author of Manual, he is 


charge of war plans for artillery ammunition and loading 


the Ordnance Safety now in 


plants at Pieatinny. 


CAPT. J. P. HARRIS, Ord. Dept., U.S. A., Chief of the 

Planning Division and of the Loading Department at 
Pieatinny Arsenal, served during the World War in the 
Explosives Section, Engineering Bureau, Office of the Chief 
of Ordnance. Later he was Commanding Officer at Tully 
town Arsenal, Pa., following which he assisted in the plan- 
ning of Picatinny as an ammunition arsenal. He served 
at San Antonio Arsenal, 1922, and was Ordnance Supply 


Officer, Eighth Corps Area, 1923. 


ME. ©. J. BAIN is in charge of the development of high 

explosives and loading, Technical Department, Piea- 
tinny Arsenal. Before and during the World War he was 
Research Chemist in high explosives with the E. IT. duPont 
de Nemours & Company and later served with the Ammu 
nition Supply Division, Field Service, Office of the Chiet 


of Ordnanee. 


MR. FRED OLSEN, Assistant to the Director of Teehni 


eal Activities, Pieatinny Arsenal, was formerly in 


charge of chemical research, Aetna Explosives Company. 
the Explosives Section, 
Clef of 


on the statf of 
Office of the 


Later he served 


Ammunition Division, Ordnance. 
He is now coordinator of chemical research and develop 
ment work on smokeless powder, high explosives and load- 


ing at Pieatinny Arsenal. 

















Patents 





Patent Rights of Government Employees 
W. N. Roacu 


INCE entering the Patent Branch, Ordnance Depart- 
ment, I have been repeatedly asked about the rights 
of a government employee in his invention, and have 

heard so many statements of his rights which appear to 
me to have no justification in law, that I decided to jot 
down a few of my thoughts on the subject in the hope that 
they may have some tendeney to clear up this unnecessarily 
confused question, 

First, it would be well to determine what a patent is; 
what rights it confers upon the patentee; and who is en- 
titled to have such rights conferred upon him, that is, re- 
ceive a patent. 

For our purposes, there is no need to trace the history 
of patent monopolies beyond the adoption of the Consti 
tution. In of the United States, 


the powers eranted to Congress, we find, Art. 4, See. 8. 


the Constitution among 


oe *& & & 


To promote the Progress of Selenee and 


useful Arts, by securing for limited Times to Authors 


and Inventors the exelusive right to their respective 
Writings and Discoveries.” 
In exercise of the authority vested in it by the Consti 


tution, Congress has, from time to time, enacted laws which 
the of Of 


laws, the following are of 


svstem. these 


the 


our patent 


to 


form basis present 


interest present diseus 


sion: 


Rev. Stat. See. 4884: “Every patent shall contain * * * * 
a grant, to the patentee, his heirs or assigns, for the term 


of seventeen vears, of the exclusive right to make, use and 


vend the invention or discovery throughout the United 
States and the Territories thereof.” 

See. 4586: “Any person who has invented any 
new and useful art, machine, manufacture, or composition 
of matter * * nay, upon pavinent of the fees required 
by law, and other due proceedings had, obtain a_ patent 


therefor.” 


Other seetions, which need not be quoted here, provide 


What a patent application is to contain, and one of these 


requirements a deseription of the invention, sufficiently 


Is, 


full, clear, and exact to enable others skilled) im the art to 
Which the invention appertains, to practice the invention. 

From the foregoing it is quite clear that our patent sys 
tem contemplates a diselosure to the publie of the inven 
tion, to the end that the same mav not he lost to posterity, 
and, in return tor such disclosure, gives the inventor cer 
tain exelusive rights for a limited time (17 vears 

Cl nly the inventor reeeives trom a pater nothin that 


he did not already possess, other than the right to exelude 
others from making, using and vending his invention dur 
ing the life of the patent. 

There are present here all the elements of a contract; the 
necessary parties, namely, the publie on the one hand and 
the the 


namely, disclosure of the invention in return for sole right 
More 


inventor on other; a sufficient consideration, 
to enjoyment of the invention for a limited time. 
over the courts have held that a patent is in the nature of 
a contract between the inventor and the public. (See 285 


Fed. 840; 106 Fed. 693.) 

Congress has provided, as we saw from Rey. Stat. See. 
1S56—that this contract may be entered into with any per 
son-—since officers and employees of the government are 
the it 


are entitled to apply for and re 


undoubtedly ineluded within term “any person” 
seems evident that they 
ceive letters patent in the absence of any special prohibitive 
legislation, and no such legislation ean be found. 
United 37 OU, $2 


that the Supreme Court ot the United States says: 


In Solomons vs. States, 5. 3 we find 


“The Government has no more right to appropriate 
a man’s property invested in a patent than it has to 
take his property vested in real estate; nor does the 
that the inventor is at the time of his invention 
in the employ of the government transfer to it any 
title There 


tween the government and any other employer in this 


Tact 


interest therein. is no difference be 


or 


respect ag 


Having now established the character of a patent; the 
right of a government employe to receive a patent; and the 
rights eranted by a patent, il would Seen lomeal to mm 


quire in what manner these rights may be disposed of to 


the end that we may determine with some degree ot cer 
tainty when an emplove has parted with any of his rights 
to his employer. 

An assignment is an instrument convevinge the greatest 
rights that may be conveyed under a paten \ transte? 
ot the whole right, title and interest in and to patent 
or a transfer of an undivided portion of suel hole rigl 
title and interest; or a transfer of the exclusive 1 
inder a patent within a specified territory, a ! 
assignment, Anvthine less than these 1s mere cel 

Licenses mav be broadly leenses, as rant the mel 
(non-exelusive) to make, iwe and sell ti nvel ‘ ‘ 
ered b the pate thronehout the Unite Cy 
Territori or thro me ‘ ! " r ol 
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the license may be of a more limited character, sometimes 
called a shop right, as, where a patentee grants the right 
to make and use the invention (usually a machine) in a 
specified faetory or shop. 

Any of these rights may be granted by instrument in 
writing, and licenses may be granted orally, or they may 
be granted by implication, that is, the relationship and 
acts of the parties may be such that a license will be im- 
plied. It follows that, since these rights may be conveyed, 
agreements to convey may also be entered into, but, in the 
case of an agreement to convey an interest amounting to 
an assignment, especially a complete assignment, the agree- 
ment must be clear and unequivocal and should leave no 
doubt as to the intent of the parties thereto. 

In the case of an implied license, the acts of the inven- 
tor must have been such as to estop him from denying the 
right of the other party (usually his employer) to use the 
invention. 

It would now be of advantage to examine a few of the 
leading cases which have been decided by the courts to see 
when and in what manner these rights are lost to the inven- 
tor (employee) and secured by the employer. 

First let us consider a case in which the employer (the 
United States) gained no rights in the invention of an 
employe (an army officer). 

In this ease (U.S. vs. Burns, 12 Wall. 246), Sibley, an 
army officer, invented a tent on which he secured a patent. 
The tent was adopted for use by the Army. A contract 
was entered into between Sibley and the United States 
Government by the terms of which Sibley was to receive 
$5.00 for every tent made by the government. Sibley as- 
signed a one-half interest in his contraet to Burns, another 
army officer. Payments under the contract were duly 
made until Sibley resigned his commission to enter the ser- 
vice of the Southern Confederacy, after which Burns’ share 
of the payments was continued. Finally the Secretary of 
War ordered these payments stopped, and Burns brought 
suit in the Court of Claims. His elaim was allowed and 
an appeal was taken to the Supreme Court of the United 
States. Justice Field, in delivering the opinion of the 


court, said: 


“If an officer in the military service, not especially 
emploved to make experiments with a view to suggest 
improvements, devises a new and valuable improve- 
ment in arms, tents or any other kind of war material, 
he is entitled to the benefit of it, and to letters patent 
for the improvement from the United States, equally 
with any other citizen not engaged in such service; 
and the Government cannot, after the patent is issued, 
make use of the improvement any more than a private 
individual without license of the inventor or making 
compensation to him.” 

From this ease, which is still good law, it is readily seen 
that the mere fact that one is in the employment of the 
Government does not deprive him of the right to his in- 
ventions and to secure letters patent thereon. 

The following cases are ones in which a license was 
implied : 

City of Boston vs. Allen (91 Fed. 248). 

Doten was employed by the city of Boston as an engi- 


neer to supervise construction in rebuilding a ferry. Doten 


during such employment made certain improvements in 
construction on which he afterwards secured a patent. 

Later the city rebuilt another ferry and used the pat 
ented improvements. Doten then made claim for com 
pensation but was not paid. Sometime thereafter Allen, 
to whom Doten had assigned, sued for damages for in- 
fringement of the patent. 

The court held that for the first use no recovery could 
be had, but, since the later use has been persisted in de- 
spite the inventor’s objection, recovery therefor could be 
had. 

In the ease just quoted it is evident that Doten, by plae 
ing his improvements in the ferry construeted under his 
supervision, must have intended the city to enjoy the 
benefit of such improvements in so far as that particular 
ferry was concerned. In other words, the facets were such 
as to imply a shop right extending to that particular ferry. 


In MeClurg vs. Kingsland (Howard, 202), Harley w: 


employed by Kingsland et al and while receiving wages 
from them made an invention after condueting experiments 
in their foundry and wholly at their expense. Because of 
the benefits of the invention his wages were increased. The 
invention was used by the defendants for about a vear 
without objection on Harley’s part. Harley then had a 
misunderstanding with his employers and left their employ 
and then assigned his patent to MeClurg. After making 
the assignment he notified Kingsland et a/ that they should 
stop using his invention. The court held that the faets 
were suflicient to justify the presumption of a license to 
use the investion. 

In the case of Solomons vs. United States (137 U. S. 
342), Clark, Chief of the Bureau of Engraving and Print 
ing, was called into consultation by a sub-committee of 
the Committee on Ways and Means, having charge of de 
vising a new revenue stamp, and was assigned the duty of 
devising a stamp, with the understanding that the best 
stamp that Clark could devise would be adopted. Clark 
devised a stamp, and plates for printing the stamp were 
engraved at the Bureau of Engraving and Printing and 
specimen stamps printed on the machines at the Bureau. 
Before final adoption of the stamp Clark stated that the 
design was his own but that he would make no charge to 
the Government for its use. The stamp was adopted on 
Clark’s recommendation. Thereafter Clark filed applica 
tion for patent and assigned to Solomons. <A few days 
after issuance of the patent Solomons notified the Com 
missioner of Internal Revenue that the patent belonged to 
him and that he would like to arrange for proper com 
pensation for use of the stamp on whisky barrels. Not 
receiving a reply, Solomons brought suit. The petition for 
compensation was dismissed on the ground that the United 
States had a license. 

I wish to call particular attention to this ease and to 
the fact that the court held that the United States had a 
license, which holding was amply warranted by the facets 
in the case. The court did not say that the faets in this 
case entitled the Government to an assignment, as is so 
often asserted. 

Lane and Bodley vs. Locke (150 U. S. 193), is another 
case in which the acts of the employee were sufficient to 


raise the presumption of a license to the employer. 
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Gill vs. United States (160 U. S. 426), is also a ease in 
which the findings were based largely on the findings in 
the Solomons case (supra). In this ease also the petition 
for compensation was dismissed beeause of an implied 
license. 

Wilson vs. J. S. Wilson Corp. (241 Fed. 494) is a ease 
of implied license but in this ease complainant was em- 
ployed by the corporation as its chief engineer, charged 
especially with the duty of developing its business and 
keeping its products abreast of the times, and his patents 
were secured at the sole expense of the corporation. 

Barber vs. National Carbon Co., 129 Fed. 370, is an- 
other case of implied license. In this ease also Barber, 
employed as a mechanical engineer, was charged with the 
duty “to devote his time and skill to the improvement 
and cheapening of the process” of making carbon. A de- 
eree directing assignment was asked for in this ease but 
was denied. 

In Pressed Steel Car Co. vs. Hansen (137 Fed. 403), 
Hansen was employed “to improve and assist in improving 
the manufactured products of the company” and also 
among his duties was “the matter of devising, designing 
ears, or parts thereof.” A bill to compel Hansen to assign 
was dismissed. 

Hapgood vs. Hewitt (119 U. S. 226), is a similar ease 
in which the bill to compel assignment of the patent was 
dismissed; Hapgood and Company having a license only. 

In Hulse vs. Bronsack Machine Co. (65 Fed. 864), 
Hulse signed an agreement when he entered the employ- 
ment of the company that if he made any improvements 
in the machine (for making cigarettes), either while in 
the company’s employ or at any time thereafter, the same 
should be for the exclusive use of the company. The court 
held an invention made by Hulse to be the property of the 
company. 

In Standard Parts Co. vs. Peck (44 S. C. R. 239), it 
was held that when one is employed to “devote his time to 
the development of a process and machinery for the pro- 
duction of the front spring now used on the produet ot 
the Ford Motor Company,” and was to receive therefor a 
stated compensation, the improvements invented by him 
belong to the employer. 

Considering these last few cases in some of whieh bills 
for assignment were dismissed, and in two of which, Hulse 
vs. Bronsack Machine Co. and Standard Parts vs. Peek 
assignment was decreed, let us see what underlying prin- 
ciple there is that distinguishes the one from the others. 
In those cases in which the bill was dismissed the inventor 
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Molybdenum, Cerium and Related Alloy Steels. By H. W. 
Gillett and E. L. Mack. American Chemical Soeiety 
Monograph Series. New York: Chemical Catalog Com- 
pany, Ine. 1925. $4.00. 

‘THE growing importance of molybdenum as an alloying 
element in engineering steels warrants the attention of 

American steel makers and users and makes particuiarly 

acceptable the presentation of such an exeellent collection 

of data as contained in this volume. 

The present alloying elements are, in general, of foreign 
origin making the development of a domestie alloying ele- 
ment of obvious importance to the American steel in- 
dustry. The largest deposits of molybdenum ore in the 
world are found in Colorado, there being sufficient to 
produce approximately 100,000 tons of molybdenum or 
twenty million tons of molybdenum steel. 

The authors regard a given alloy steel as “a member of 
a class rather than a special entity,” and consider the effeet 
of heat treatment and substitution of alloying elements in 
the production of steels which may be interchangeable in 
application. 

Chapters are ineluded discussing the effects of alloying 
elements as a elass and as individuals. Molybdenum and 
cerium alloy steels are considered in detail and compared 
with other alloy steels. The summary of the effects of 
molybdenum and cerium as alloying elements, coneludes 
that cerium appears to have no true alloying effect but 
probably does harm sinee it gives rise to inclusions, while 
molybdenum is to be regarded as a very efficient alloying 
element. The properties of molybdenum steel compare 
favorably with the properties of other alloy steels. 

This volume fills long existing gaps in the literature upon 
molybdenum and cerium steels. 

G. P. WiLHELM. 

American Malleable Cast Iron. by HE. A. Sehwartz. 
Cleveland: The Penton Publishing Company. 1922. $7.00. 

‘T HE scientifie press has discussed malleable cast iron, 
especially during the World War, at considerable length, 

but no one, for the last ten vears, has assembled the up-to- 

date information on the subject for ready reference into one 
good book. The author of this book has not only digested 
and arranged all the historical, chemical, physical, electrical 
and manufacturing data on malleable east iron, but has 


taken the trouble to add a somewhat complete discussion 
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of the metallurgy of iron and steel, showing the place of 
the malleable types in this metallurgy as well as the effect 
of impurities and alloying materials. The book is, there- 
fore, a satisfactory library for the malleable iron industry, 
superseding more than a five-foot shelf of technical maga- 
zines and books. 

To give some idea of the extent of his treatment of the 
subject, he has forty pages of historical matter on American 
and foreign development of the malleable industry; thirty 
pages on metallurgy; one hundred and thirty pages on the 
actual foundry practice with various types of furnaces, 
both heating and annealing, in turning out the best quality 
of malleable iron; a short chapter on pattern making and 
molding; another on cleaning and finishing; another on in- 
specting and testing. He then proceeds to diseuss the 
physical properties of the malleable metal from every 
standpoint for nearly ninety pages; gives an additional 
chapter on the thermal and electrical properties of the 
malleable produets. He ineludes seventeen pages of biblio- 
graphy, which must cover nearly the whole malleable field, 
certainly a bibliography which should be a basis for a full 
library on this subjeet. He has indexed the book for ready 
reference. 

Particular praise must be given for the illustrations 
which are included. There are one hundred and ninety of 
them, seattered throughout the book where they belong. 
The microphotographs are well printed and described to 
illustrate the subject matter to which they pertain. 

The book shows the result of an exhaustive research into 
the field of malleable iron casting and an orderly setting 
down of what his research has revealed, and, outside of that 
he brings to the text a knowledge of the industry and the 
uses of malleable cast iron which should make the book an 
authority on the subjeet. It should be a very valuable addi- 
tion to the literature of the Technical and Design Sections 
of the Ordnance and industrial establishments. 

C. G. METTLER. 
The Builders of America. By Fdwin Wildman. Boston: 
L. C. Page & Company. 1925. $2.00. 
T HE reading publie has lately been favored with a number 

of volumes of an historical nature which give interesting 
sidelights on men and happenings of American history not 
hitherto included in volumes of their kind. A notable case 


in point was the monumental work of former Solicitor 
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| HE fastest of fast aeroplanes 

—made by Curtiss, preferred 
by airmen, and rewarded with 
trophies—depend for strength 
and endurance upon parts of 
Alloy Steel. 

In every big racing event of 
recent years Alloy Steel has come 
through with colors flying. The 
tremendous stresses encountered 
at the terrific speeds attained, 
subject the materials used to a 
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more rigorous test than is encoun- 
tered in a lifetime of normal ser- 
vice. Alloy Steel has invariably 
endured such tests, furnishing 
strength with lightness, elasticity 
with toughness, and hardness that 
resists wear. 

Alloy Steel provides 25% to 100% 
greater hardness and strength per 
unit of cross section than carbon 
steel, with no loss of ductility or 
toughness — resisting shock and 
fatigue indefinitely. 

In numerous fields of manufac- 


FX 


ture, Alloy Steel is playing an 
increasingly important part. It 
enables equipment to render de- 
pendable service, day in and day 
out, for years on end. 

Alloy Steel fits into most engi- 
neering plans. Have you considered 
that our staff of engineers with 
its modern laboratory facilities 
may be able to assist in the solu- 
tion of some of your knottiest 
metallurgical problems? We sug- 
gest that you write us for further 
information. 


This 500 H.P. twelve cylinder Curtiss D-12 
aeroplane motor develops one horsepower 
for each pound and a half of weight, 
and can drive a racing plane more 
than 200 miles per hour. The 
crankshaft, timing gears 
and other vital parts are 
made of NICKEL and 
NICKEL -CHRO- 
MIUM STEEL. 





1 booklet—‘‘ Paving the Way for Alloy 
Steels’’ will be both interesting and help- 
ful to manufacturers of steel products. 
Why not send for xour copy? 





THE INTERNATIONAL NICKEL COMPANY, 67 WALL STREET, NEW YORK OT endl 


Producers of INCO Nickel 


in all commercial forms 
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General of the United States, James N. Beck, in his volume 
“The Constitution of the United States.” Mr. Edwin Wild- 
man, whose name is already well known in connection with 
the “Famous Leaders Series,” wherein he has previously 
described leaders of industry, character and American his- 
tory, adds a very worthy contribution in his “Builders 
of America.” 

Ostensibly this book is for youthful perusal. As a mat- 
ter of fact, it is worthy of veteran study. Gather together 
in one place short biographieal and historical sketches of 
Madison, Clay, Monroe, Quincy Adams, Clinton, 
Fulton, Webster, Biddle, Van Buren, Astor, 


Irving, Vanderbilt, Harrison, Polk, and Pierce, and you 


John 
Jackson, 


have, as in this work, a truly representative group of 
American builders, political, literary, economical and gov- 
ernmental. Whether one has an insatiable appetite for the 
book of history or not, there is a great deal in Mr. Wild- 
man’s volume which, in justice to himself, every lover of 
America should know. 
J. L. ASPINWALL. 

A Graphic Table Combining Logarithms and Anti- 

Logarithms. New York: The 


Maemillan Company. 


By Lacroix and Rogat. 
1925. 
‘T HIS handy volume contains graphie tables giving di- 
rectly, without interpolation, logarithms to five places 
of all five-place numbers and the numbers to five places 
corresponding to all five-piace and four-place logarithms. 
The arrangement is quite novel. It is unnecessary to de- 
seribe the awkward procedure in consulting the standard 


tables of logarithms. The authors of this book have eom- 





G. Elias & Bro. 


| 
| 
| (INCORPORATED) 
| 


Buffalo, N. Y. 


are engaged in the manufacture of Airplanes and 


Parts including Armament—-On page 17 of Bulletin 


No. 40 the Air Service States: An air test was made 
on one of the new production Type A-3 external 
bomb racks manufactured by G. Elias & Bro., Ine., 
Buffalo, N. Y., and installed on an MB-3A_ pursuit 
airplane, to observe the action of the bombs when 


released during a dive. The test consisted in drop- 


ping separately five Mark III (Cooper) fragmenta- 


tion bombs. As observed from another airplane, the 


rack functioned satisfactorily in that all bombs re- 


leased properly and cleared the airplane struc- 


ture. An unsuccessful attempt was made to take 


slow motion pictures (multiple speed) of the test. 
G. Elias & Bro., Ine., are prepared to furnish all 
kinds of small articles made of metal or wood. Cor- 


Elias & Bro.. 


respondence addressed to: G. Inec., 


Buffalo, N. Y.. will receive prompt attention, 














bined in one graphie seale all five-place numbers and ail 


whieh ean be read 


This 


propor 


five-place logarithms, either one ot 
direetly in terms of the other without interpolation. 
simple procedure eliminates auxiliary tables of 
the 


obtained makes the use of this system convenient, rapid 


tional parts and because of accuracy of the results 


and reliable. 

We believe that the work of Lacroix and Rogat will find 
enthusiastie followers both among students and engineers 
lorarithmie tables. 


L. A. 


who have oceasion to consult 
Copp. 


Practical Microscopical Metallography. By Richard Henry 

Harold New York: D. Van 
Nostrand Company. 

T HIS book considers the structure of metals and indus 


trial alloys from the standpoint of “Constitution, with 


Greaves and Vrighton. 


special reference to their mechanical properties and prac 
tical utilities.” 

The first two chapters are devoted to the preparation of 
specimens and the technique of making micro-examinations. 
Attention is directed to practiea! difliculties that may be 
encountered and results of faulty technique are shown by 
photomicrographs. These chapters are especially valuable 
in improving the technique of the operator. 

Chapters are included upon the strueture of pure metals 
and of alloys; the strueture and properties of ingot tron, 


wrought iron, normalized and annealed carbon. steels, 


hardened and tempered earbon steels, alloy steels, pig iron, 
cast iron, malleable iron, alloys of copper with zine, tin 
and aluminum, aluminum alloys, zine alloys, and bearing 
The effeet of 


metallic inelusions and defeets in 


metals. impurities in copper, and non 


steel are also diseussed. 
Photomicrographs are shown under each subjeet adding 
greatly to the value of the volume as a reference book. 
There is ineluded an index to all photomicrographs. 
The book is intensely practical and will prove of interest 
and value to every one concerned with the properties and 
uses of metals. 


G. P. WILHELM. 


New York: 


Ernest A. Smith. 


1923. $1.00. 


Platinum Metals. [\ 


Isaac Pitman’s Sons. 


‘T HIS little book 


modities and Industries Series,” 


is one of the “Pitman’s Common Com 
intended to give broad 
general scientific information in an understandable manner 
concerning useful commodities. Although the book deals 
primarily with platinum, as indicated by the title it als» 
eovers the lesser known associated metals, iridium, osmium 
rhodium, and ruthenium. An interesting historieal di- 
eussion is followed by sections on occurrence, distribution, 
sourees of supply and production. The methods of mining 
and metallurgical treatment of the crude platinum are dis 
cussed, and special attention is given to the subject of 
properties and industrial uses of these interesting metals. 
Thirty-five illustrations serve to add materially to the in- 
terest of the text. 

In view of the fact that platinum has developed in a few 
vears from a metal hardly known outside of the laboratory, 
into a place of prominence in the jewelry industry, the 
general reader should weleome an opportunity of learning 
the interesting facts so well presented in Mr. Smith’s book. 
C. G. Storm. 
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Not a 3l,-yard 
shovel sporting 
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a 1l-yard dipper 


The news of this shovel to Bucyrus users 
could be condensed to the statement— 
“a Bucyrus 1-yard Shovel.” 


For those who are not Bucyrus users we 
could fill the rest of this book with facts 
about the big-output low-cost combina- 
tion of dipper capacity, operating speed, 
operating convenience, close-coupled 
strength and abundant power which the 
31-B possesses to a degree never known 
before. 


But simpler than that—look up any 
Bucyrus shovel with its outside dipper 
sticks and its two part hoist. See how 
easily and speedily the dipper is carried 
through the bank, notice the speed of 
swing, and the balance of weight and 
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power. Ask the operator how it handles. 
Ask the owner about his cost per yard 
and upkeep cost. 


Then picture for yourself the real 1-yard 
shovel that you would expect to find de- 
veloped in 1926 by the company whose 
excavating machinery has dominated 
every major excavation job since 1880. 


Bucyrus need never experiment at the 
risk and expense of the shovel owner. 
Bucyrus need never guess. Back of every 
Bucyrus stands a record of successful 
and continuous building of excavating 
machinery since 1880. 


Better investigate this new Bucyrus. Ask 
for bulletin C-311- AC 


Send for free bulletin C-311-AC on this new shovel 


The Bucyrus Company, South Milwaukee, Wisconsin 





CHICAGO BIRMINGHAM 


SAN FRANCISCO 











PITTSBURGH TOKYO 


LONDON 
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Warfare by Land and Sea. By Eugene S. MeCartney, 

Ph. D. Boston: Marshall Jones Company. 1925. 
WW ARFARE by Land and Sea,” which, by the way, 
is No. 33 in the library of books ealled “Our Debt 


OLT ’ Bey to Greece and Rome,” should be appreciated by those who 
have neither the time nor the opportunity to study more 

FIREARMS | than briefly the military history of ancient Greece and 
Rome. Though written by a layman, it could not have 


been better done by a member of the military service. 











Leadership! From the earliest 
Colt made in 1836 to the master- 
piece of today Colt’s supremacy 
has been unquestioned. 










The author has given enough history to localize events and 
show the application of general principles, and he has then 
traced their application to modern battle conditions. It is 





not generally realized that the same tactical principles have 
been involved in certain modern battles as were first utilized 
The Original Colt |v: such great captains as Alexander, Hannibal, and Caesar. 
The relation between leadership and successful command in 





battle is clearly indicated throughout the text. 

Some of the more important chapters in the book are the 
second, called “The Evolution of Generalship” ; the fifth, 
“The Best That called “Shock and rae: the Development of Artillery”; 
the sixth, ealled “Greek Contributions to Tacties and 
Money Can Strategy”; the eleventh, “Roman Contributions to Tacties 
and Strategy”; and the thirteenth, “Ancient and Modern 
Analogies.” 

Mr. MeCartney has gotten up a very readable account 


Colt’s Patent Fire Arms Mfg. Co. of the equipment, organization, taeties, and strategy of 
Hartford, Conn., U. S. A. ancient armies, and this book will be enjoyed by everyone 





Manufacturers of: Colt’s Revolvers, Colt’s Automatic whether in or out of the military service. 

Pistols, Colt’s (Browning) Automatic Machine Guns, a APR yS a a 
Colt’s (Browning) Automatic Machine Rifles, Thompson Wy artare by Land and Sea Is a small volume, but it 1s 
wunmecoene Guns, Sateen Sih Waking iacines, } nevertheless complete with a table of contents, a military 


Autosau Metal Parts Washing Machines. 
and naval bibliography, and a list of the many quotations 








used in the text. 
— ] G. P. WILHELM. 








THE JOURNAL Scientific Research and Human Welfare. By Franklin 
New York: 


Stewart Harris and Newbern I. Butts. 
OF THE 





The Maemillan Company. 1924. 35.00, 
[ N his preface to this unusual book, Dr. Harris says: 
| “The following chapters reeord some of the romance, not 
| ROYAL ARTILLERY of the efforts of kings to win the hands of feir princesses 
or to extend their domains, but of the conquest by man of 
the forces of nature.” Each of the fifty short chapters is a 
story filled with the romance of facts, and few readers will 


Published Quarterly 


lay aside the book for any thrilling romance of fietion. 








By the 


The stories are those of the wonderful discoveries and in C 
ventions of scientific research, which have given us the | 


conveniences and luxuries of the present day, told in an 


Committee of the Royal ances — a 
- ‘ n le Chapters are grouper under the venera subyeets : 
Artillery Institution 


manner and in plain, every-day language. 


health, communication, transportation, illumination, agri 


culture, engineering and mining, manufacturing, and the 


home. With sueh a diversity of subjects no one could 
fail to find something to attract his interest, and having 

WOOLWICH, LONDON, S. E. 18 — J read one chapter, he is certain to read them all. 
In earrving out their laborious task of collecting the large 


amount of data presented in these stories, the authors had 
a higher object than furnishing entertainment—the awaken 
P A ing of increased interest in research. “Tf expenditure fon 
Subscription, £1-0-0 per annum sicniiadl: te sdimadibtiad Sas Mike acddel, Maks this eal ‘the 
| quired in preparing it will be justitied.” 


C. G. STORM. 























Jcty-AuGust, 1926. 


ARMY ORDNANCE - 
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Ten Years After. By 
H. Doran Company. 


Philip Gibbs. 
1925. $2.50. 

S OME of the best analyses of post-war psychology have 

“Now It Can Be 


Told” not only pleased but by its deliberate and straight- 


come from the pen of Philip Gibbs. 


forward statements startled many staid and sober readers 
who were ill prepared for its contents. “Ten Years After” 
comes today as one of the most forcible expressions of na- 
tional psychology and national indifference, if you will, of 
all the writings that have appeared since the War. 

intellect of Gibbs with his world- 


Given a man of the 


wide viewpoint and his rare experiences both during the 


War and since, it is difficult to see how any other produe- 


tion could result once his fertile mind and facile pen have 


attempted to state the problem. The book he has produced 
does not fall short of the highest anticipation. It 
of those clear-cut, gripping treatises which perforce must 


make many of us stop and think and in the long run admit 


with shame that we are not quite as idealistic today as we 


were ten years back. If you will take up Gibbs’ book and 
have him picture for vou the turbulent days of 1914-1918 
when patriotism was carried to its highest piteh and men 
were willing to sacrifice all for an ideal, and then have 
him relate the pitiful aftermath and gigantie fizzle in which 
the whole thing has resulted, our own national plight as 
well as that of the other so-called victorious allied and as- 
sociated powers will make many thinking people stand 
in awe. 

The author states the case of describing, as only Gibbs 


is one 


from obtainable. His deseription of the ardor and enthu- 
siasm with which that cause won support from the man- 
hood of England and its possessions must stand for all 
time as a worthy commentary on a brand of patriotism 
which perhaps will never again be equalled. He is suf- 
ficiently familar too with the American viewpoint to de- 
scribe adequately our pre-war feelings in the matter, and 
he does not hesitate to give praise where praise Is due. 

Over and above all this, however, his description of what 
has taken place since the war, the shattering of ideals, the 
changes that have come about, and the apparent disregard 
of many principles and tenets that in 1918 were regarded 
as of the highest importance, will stand for years as a 
pertect statement of the case. 

There are many, especially in America, who may not share 
the conelusions of Philip Gibbs. Whether they outnumber 
those who will agree with him is a problem, but this much 
is sure, he reviews a decade of history which has few 
parallels for any student of national psychology and he 
states the case with a frankness that will cause even some 
Americans to wonder whether or not the course we have 
taken in world affairs, in view of our explicit commitments 
during the War, is quite a position which we or posterity 
with favor. L. A. Copp. 


will look upon 


Norris F. 
Hudson. 

vard Alumni Bulletin 1925. 
Q)NE always looks rather dubiously in this day and age 
The 


Hall, Zachariah 
Har 


The Next War. 


Chafee, Jr., and Manley 0. 


Addresses bv 
Cambridge: 


Press. $1.00, 





can deseribe, the seenes he witnessed in’ England and on speculations which have to do with the future. 


at the front when suecess for the Allied cause seemd far age of the prophets has passed, and he who essays to tear 





SCOVILL MANUFACTURING COMPANY 


Supplied the U. S. Government 
during the World War 
with the following products: 


Cartridge Cups and Shells 
Cups for Bullet Jackets 
Military Buttons and Fasteners 


Time and Combination Fuses 
Artillery Shell Cases 
Percussion Fuses 

Machine Screws Cap Screws 
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away the veil often lays himself open to ridieule. Con- 


sequently, it is with some wonder that we open this book 





and find that three gentlemen at a Harvard University 





symposium have sought to give us an idea of the nature 





of the next war. 





Professor Hall, who is an instructor in chemistry, ex- 








amines the material means for seekine a decision in the 






next conflict. The importance of aireraft and their pos- 





sible uses fill several pages and then come gases, tanks and 





other developments of the World War. The author allows 





his imagination full play and paints a dreadful picture of 





what might transpire. We wonder whether he has not 





stretched his imagination a little further than the industrial 





strength of the present world powers would warrant. 





Professor Chafee deals with the conseription of publie 





opinion. He shows the power of well direeted propaganda 








and the ease with which a people ean, under the cloak of 





patriotism, be prepared to accept war by their govern- 





ment. He thinks this attitude on the part of government 





should be changed and emphasis placed on international 








good will rather than hostility to foreigners. 





The importance of propaganda after war has begun for 





blackening the enemy and deceiving one’s own people is 





discussed as are also the dire results possible under a dras- 





tic espionage act where suppression becomes the motivat- 





ing foree. 





Professor Hudson does not attempt to speculate on the 





next war lineup of peoples in his discourse ealled, “Staek- 





ine the Cards.” He takes the view that the next war is 





Drip-Proof Ventilated Marine not inevitable. The League of Nations may prevent it 
Motor for Auxiliaries and even if it does not, the issues will be more clear cut 






than in 1914. He is an advoeate of the League of Nations 





as a means to organize the world against the next war. 


E. E. MacMor.uanp. 


Largest American 
Diesel Electric Drive 

, P Our Naval Heritage. By Fitzhugh Green, U. S. N,, 

Now in Regular Service F. A. G. 8S, M. Se. New York: The Century Co. 






1925. 
HE 7500 ton tanker, J. W. VanDyke, owned by the ‘ 
Atlantic Refining Company, is the largest ship in T HIS book is a very complete and interesting historieal 
point of tonnage, yet converted to the Diesel Electric narrative of the American Navy and Merchant Marine. 


Drive in the United States. 





The author speaks with a voice of authority and makes his 






This ship has completed several voyages to the complete history read like a story. It is presented in a style free 
satisfaction of her owners and has confirmed their judgment : re j . 
of the superiority of electric propulsion. of technical terms. 





To the laymen this work is especially interesting, as it 





The main drive consists of a Westinghouse 2300 s.hp., i : ; aye 
100 rpm., double armature motor, and power is supplied by contains so many true stories which read better than fiction. 
three 840 b.hp., Ingersol-Rand Diesel engines driving The author starts his work very dramatically by stating 
Westinghouse generators. The exciters, switchboard, auxili- 
ary motors and control were also furnished by Westinghouse, 






that it cost Columbus $2,115 to discover America. Among 






the maritime miracles quoted is an instance where one man 





Electrically propelled ships now in service have demon- 
strated their unquestionable reliability, flexibility, and 
their ability to withstand the most rigorous climatic and a full rigged ship of the line disappeared in calm weather 
sea conditions. 


sailed a full rigged ship for t! vee months. In another ease 







with all hands on board. He also gives that celebrated 





For conversion and construction, consult Westinghouse story of the Marie CELEeste, the mystery of which has 
marine engineers about the application of efficient electrical 
equipment. 





never been explained. This ship was found under full sail 





with no one on board and four half eaten breakfasts on 





the cabin table. There was no evidence of foul play or ae- 





Westinghouse Electric & Manufacturing Company 






East Pittsburgh Pennsylvania oe a » bes ac intact ; rfectly arranged. 

Sales Offices in All Principal American Cities cident of any kind. All was intact and perfectly . irranged 

Service Stations in All Principal American Ports Altogether this is a very readable book, well illustrated 
Special Pacific Coast Representatives = : ; 

Hunt, Mirk & Company, San Francisco and indexed. The volume is large enough to permit the 







use of readable type. It is to be regretted that there are 





not more books of this nature, dealing with American Naval 


Westinghouse“: 


X-82135 


















